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is  desigped  to  provide  students  Hitu;  the  basic  skills  for  an 
ocqupatioii  in  air  conditioning  and  rjefrigeration.  six  lajor  areas  are 
incittdigd,  each  consisting  of  one  or  iicre  units  of  instruction.  These 
areas  aqd  their  respective  units  are  titled  as  follows:  Electricity 
(fundaientals  of  electricityt  electrical  test  instrupetts,  and 
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of  irindcv  air  conditioners  and  vindov  air  conditioner  repair).  Each 
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perforiance  objectives,  suggested  activities  for  teacher  and 
students,  inforiatioh  sheets  (providing  content  essential  for  leeting 
the  cognitive  objectives  of  the  unit),  assignient  sheets,  job  sheets 
(giving  direction  to  the  skill /being  taught  and  alloying  both  stuJent 
and  teacher  to  check  student  progress),  visual  aids,  tests,  and 
^' answers  to  tests.  Onits  are  planned  for  lore  than  one  lesson  or  class 
period.  Full-page  illustrations  and  diagrais  are  presented  throughout 
th^  guide.  (SB). 
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FOREWORD 


The  Mid-America  Vocational  Curriculum  Consortium  (MAVCC)  is  an  organization 
which  consists  of  twelve  states  striving  to  develop  needed  instructional  materials.  As 
member  states,  Arizona,  New  Mexico,  Colorado,  Louisiana,  Missouri,  Arkansas,  Texas, 
Oklahoma,  l^ansas,  Nebraska,  South  Dakota,  and  North  Dakota  selected  Air  Conditioning 
and  Refrigeration  as  one  of  the  early  priont':s. 

a 

The  success  of  this  publication  i:>  due,  in  large  part,  to  the  capabilities  of  the  personnel 
who  worked  with  its  development.  Gary  Wantiez,  the  technical  writer,  has  numerous  years 
of  industry  as  well  as  teaching  experience.  Joining  him  were  representatives  of  each  of 
the  states,  all  of  whom  having  experiences  in  education  and  the  trade.  And,  to  be  sure 
all  of  the  materials  we^e  technically  accurate,  many  organizations  were  involved.  Special 
appreciation  is  extended  to  the  National  Environmental  Systems  Contractors  Association 
(NESCA),  Associated  Builders  and  Contractors  (ABC),  Refrigeration  Service  Engineers 
Society  (RSES),  and  the  Coleman  Company. 

This  publication  is  designed  to  assist  teachers  in  improving  instruction.  As  this 
publication  and  the  three  other  volumes  are  used,  it  is  hoped  that  student  performance 
will  improve  and  that  students  will  be  better  able  to  assume  a  role  in  an  air-conditioning 
and  refrigeration  occupation. 

Instructional  material  in  this  publication  is  written  in  term?  of  student  performance 
using  mec:^uft^able  objectives.  This  \s  an  innovative  approach  to  teaching  that  accents  and 
augments  the  teachiny-iearniny  process.  Critenon 'referenced  evaluation  instruments  are 
provided  for  a  uniform  measurement  of  student  progress.  In  addition  tq  evaluating  recall 
information,  teachers  are  encouraged  to  evaluate  the  other  areas  including  process  and 
product  as  indicated  at  the  end  of  each  instructional  unit. 

It  IS  our  belief  that  the  teaching  of  this  area  should  become  more  effective  with 
Its  use. 


Don  Eshelby,  Chairman 
Board  of  Directors 
Mid  America  Vocational 

Curriculum  Consortium 


PREFACE 
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The  importance  of  providing  every  student  who  is  enrolled  in  an  air^conditioning 
and  refrigeration  training  program  with  the  very  best  and  most  complete  basic  training 
possible  cannot  be  over  emphasized.  This  second  m  a  spries  of  four  publications  of  th6 
Air-Conditioning  and  Refrigeration  curriculum  was  developed  with  the  intent  of-providmg 
the  basic  skills  and  knowledge  tj|Bt  the  student  will  nee*,  as  a  good  foundation  f<om  which 
to  build. 

As  our  nation  moves  into  an  era  of  energy  conservation  and  environmental  protection, 
the  demands  placed  upon  the  air-condit.oning  and  refrigeration  specialist  become  even 
greater.  Indoor  environmental  control  requires  an  individual  who  has  a  very  stron^^ 
foundation  in  the  basics,  in  order  to  obtain  maximunni  efficiency  from  the  climate  control 
equipment  with  a  minimum  of  energy  use. 

This  publication  'was  developed  wi*h  the  assistance  of  many  individuals  very 
knowledgeable  m  the  trade.  Some  of  these  individuals  represent  professional  associations 
and  industry.  Their  assistance  and  devotion  to  this  project  is  greatly  appreciated  It  should 
be  emphasized  that  the  *udent  needs  to  be  made  aware  of  professional  trade  associations 
and  take  an  active  part  in  them  as  much  as  possible.  The  professional  trade  associations 
dre  an  excellent  avenue  for  continuing  education  within  the  trade.  Every  student,  instructor, 
and  all  other  individudls  associated  with  this  trade  should  develop  the  attitude  of 
"professionalism"  in  their  endeavor^. 

Every  effort  has  been  made  to  make  this  publication  basic,  readable,  and  by  all  means, 
usable.  Three  vita!  parts  of  instruction  have  been  intentionally  omitted  from  this 
nLblicattuiK  motivation,  perboriditZdUon,  dnd  locdlizdtion  These  dreas  dre  njft  to  the 
tndi\/idual  instructors  and  the  instructors  should  capitalize  on  them  Only  tnen  va/HI  this 
publication  reaily  become  a  vitdl  part  of  the  teaching  learmnn  process 


Gciry  W  WdntiPZ 
Writer 


Ann  Benson 
Executive  Director 
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USE  OF  THIS  PUBLICATION 


Instructional  Units 

The  "Air  Conditioning  and  Refrigeration,  Book/»ll  curriculum  includes  six  areas.  Each 
area  consists  of  one  or  more  units  of  instruction  Each  instructional  unit  includes  S^me 
or  all  of  the  basic  components^of  a  unit  of  instruction*  performance  objectives,  suggested 
activities  for  teacher  and  students,  information  sheets,  assignment  sheets,  job  sheets,  visual 
aids,  tests,  and  answers  to  the  test.  Units  are  planned  for  more  than  one  lesson  or  class 
period  of  instruction. 

Careful  study  oi  each  instructional  unit  by  the  teacher  will  help  determine: 

-  A.    The  amount  of  material  that  can  be  covered  jn  each  class  period. 
B.     The  skills  which  must  be  demonstrated. 

1.  Supplies  needed 

2.  Equipment  needed 

3.  Amount  of  practice  needed 

4.  Amount  of  class  time  needed  for  demonstrations 

C  Supplementary  materials  such  as  pamphlets  and  filmstrips  that  must  be  ordered. 
D.     Resource  people  that  must  be  contacted 

Objectives 

Each  unit  of  instruction  is  based  on  performance  objectives.  These  objectives  state 
the  goals  of  the  course  thus  providing  a  sense  of  direction  and  accomplishment  for  the 
student. 

Performance  objectives  are  stated  in  two  forms*  unit  ol^jectives,  stating  the  subject 
matter  to  be  covered  m  a  unit  of  instruction  and  specific  objectives,  stating  the  studeif 
performance  necessary  to  reach  the  unit  objective. 

Since  the  objectives  of  the  Unit  provide  direction  for  the  teaching-learning  process. 
It  IS  important  for  the  teacher  and  students  to  have  a  common  understanding  of  the  intent 
of  *he  objectives.  A  limited  number  of  performance  terms  have  been  used  m  the  objectives 
for  this  curriculum  to  assist  in  promoting  the  effectiveness  of  the  communication  among 
all  individuals  using  the  materials. 

Following  is  a  list  of  performance  terms  and  their  synonyms  which  may  have  been 
used  in  this  material 


Name 
Label 

List  in  writing 

List  orally 

Letter 

Record 

Ropeat 

Give 


Identify 

Select 

Mark 

Point  out 
Pick  out 
Choose 
Locate 


Descn  he 
Define 

Discuss  m  writing 

Discuss  orally 

lnter[)ret 

Tell  how 

Tejl  what 

Explain 
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Orde.  " 

Ar/ange 

Sequence 

List  in  order 

Classify- 

Divide 

Isolate 

Sort 


Distinguish 
Discriminate 


Construct 

Draw  ' 

Make 

Build 

Design 

Formulate 

Reproduce 

Transcribe 

Reduce  . 

Increase 

Figu  re 


Demonstrate 

Show  your  work 

Show  procedure 

Perform  an  experiment 

Perform  the  steps 

Operate 

Remove 

Replace 

Turn  off/on 

(D:s)  assemble 

(Dis)  connect 


Additional  Terms  Used 

Evaluate 

Complete 

Analyze 

Calculate 

Estimate 

Plan 

Observe 
Compare 
Determine 
Perform 


Prepare 

Make 

Read 

Tell 

Teach 

Converse 

Lead 

State 

Write 


Reading  of  the  objectives  by  the  student  should  be  followed  by  a  class  discussion 
to  ai^swer  any  questiqns  concerning  performance  requirements  for  each  instructional  unit. 

c  ' 

Teachers  should  feel  free  to  add  objectives  which  will  fit  the  material  to  the  needs 
of  the  'Students  and  community.  When  teachp''?  add  objectives,  they  shou'd  remember 
to  supf:)^  the  needed  information,  assignment  and/or  job  sheets,  and  criterion  tesis. 

Suggested  Activities 

Each  unit  of  instruction  has  a  suggested  activities  sheet  outlining  steps  to  follow 
in  accomplishing  specific  objectives.  The  activities  are  'Isted  according  to  whether  they 
are  the  responsibility  of  the  instructor  or  the  ^^'ident. 

O 

Instructor:  Duties  of  the  instructor  will  vary  according  to  the  particular  unit,  however, 
for  best  use  of  the  material  they  should  include  the  following:  provide  students  with 
objective  sheet,  information  sheet,  assignment  sheets,  and  job  sheets,  preview 
filmstrips,  make  transparencies,  and  arranrge  for  resource  materials  and  people;  discuss 
unit  and  specific  objectives  and  informatio  i  sheet,  give  test.  Teachers  are  encouraged 
to  use  any  additional  instructional' activities  and  teaching  methods  to  aid  students 
in  accomplishing  the  objectives. 

Students:  Student  activities  are  listed  which  will  help  the  student  to  achieve  the 
objectives' for  the  unit. 
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Information  Sheets  * 

^  '  .        .  .  '      '  ^ 

Information  sheets  provide  content  essential  for  meeting  the.  cognitive, (knowjedge) 
objectives  of  the  unit.  The  teacher -wrll  find  that  information  sheets  serve  as  an  excellent 
guide  for  presentma  the  backgrouncl  knowledge  necessary  to  develop  the  skrlls* specified 
in  thg^^  unit^objectij|^9.  * 

,    Students  .should  read  the  information  sheets  before  the  information  is  diicussed  in 
g|^s.  Students  nay  take  additional  notes  on  the  mformaftion  sheets. 

Transparency  Masters  '       -  ' '  ; 

Transparency  masters  provide  information  m  a  ^cial  way *^ The  students  m)^  see 
as  well  as,  hear  the  material  being  presented,  thus  remforciog  th'e  learning  process. 
Transparencies  may  present  nevv  mformation  or  they  may  reinforce  information  pre^nted^ 
in  the  mformation  sheets.  They  are  paittcylarly  effecl've  whan  identification  is  necessary.- 

Transparencies  should  be  made  and  placed  m  the  noteb6ok  where  they  will  be 
immediately  available  for  use.  Transparencies  direct  the  cl?  ^*s  attentign*  to  the  topic  of 
discussion.  They  should  tje  left  on  the  screen  only  whfin  topic:  shown  are  under  d'^^ussion. 

Job  Sheets 

Jot^  sheets  are  an  important  segment  of  each  unit.  The  instructor  should  be  able 
to  and  in  most  situations  should  demonstrate  the  skills  outlined  in  the  job-  sheets. 
Procedure's  outlined  in  the  job  sheets  give  direction  to  the  skill  being  taught  and  allow 
t)oth  student  and  teacher  to  check  student  progress  towa^  the  accomolishmeni  of" the 
skill.  Job  sheets  provide  a  ready  outline  for  a  student  to  follow  if  he  has  missed  a 
demonstration.  Job  sheets  aUo  furnish  potentiaj  employers  with  a  picture  of  the  skills 
being  taught  and  the  performances  he  might  reasonably  exf)ecT  from  a  person  who  has 
liad  t'lis  traming. 

Assignment  Sheets 

Assiqnrr.ont  sheets  g^ve  direction  to  study  and  furnish  practice  for  paper  and  pencil 
activities  to  develop  the  knowledges  which  are  necessary  prerequisites  to  skill  dtweiopment. 
These  mjy  be  given  to  the  student  for  comf)^ct,on  in  cic^s  or  used^  for  homework 
assignments.  Answer  sheets  are  provided  which  may  be  used  by  the  student  and  or  teacher 
tor  cfieckiny  student  progress 

Test  dnd  Evaluatjpn 

Pci[)er  pencil  ancr,yf)erforr7iance  tests  have  been  constructed  to  mpasure'  student 
acfvevpment  of  each  objective  listed  in  the  unit  of  instruction.  Inuividudi  test  items  may  ' 
i)e  pulled  out  and  used  as  a  short  test  to  determine  student  achipvement  of  a  particular 
obj^tive  This  kind  of  testing  may  be  used  as  a  daily  quiz  anci  will  hcb  the  teacher  ^ 
spot  difficulties  b3ing  ericounterecl  l^y  students  in  their  efforts  to  comnii.  ,  the  terminal 
objective.  Test  items  for  obje^itives  added  iv/  the  teacher  should  t)e  construe  tpci  rind  iidded 
to  the  test 

Test  Answers  ^ 

Test  answers  lUV  provirled  for  eacf)  unit  Those  may  t)o  used  by  the  lodcii^n  cind  or 
student  for  chtjckmy  student  achievement  cjf  the  objective's 
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AIR  CONDI"!  IOr\iiNG  AND  R-EF R IG,E'R ATION 
BOOK  TWO 


OCCUPATIONAL  INSTRUCTIONAL  ANALYSIS' 


JOB  TRAINING    What  the  RELATED  I N  F-ORM'ATION  ■  What 

Worker  Should  Be  Able  to  Do  ihe  Worker  Sho<ild  Knaw  . 

(Psychomotor)  '       (Cognitive)  ""    ".  ' 

SECTION  A -UNIT  I    FUNDAMENTALS  OF  ELECTRICITY 

1.       Dfstinquish  between 
direct    an^l    alternatincj ' 
•current 

'     '  '         ^  2.   '  ^  List  materials  which  are 

good      conductors  of 
-  electricity 

3        List  matericls  which  a^e 
«  "9ood^     insulators  of 

electricuy 

4.        List       the  equation 
symhpis   and  equations 
'  ^  for  ohms  law 

c 

r  '  5.        List  three  equations  for 

obtaining  wattage 

J    6.'-     List      ihiee  commort 
*  conversions  of  wattage 

7.        List  the  throe  items  that 
^        ^      "     *  make       a  complete 
electrical  circuit 


3.        Match   terms  tj  correct 
har.ic  electrical  symbols 

9.        Identify  a  series  circuit 

10  State  four  rules  for  series 
L  '  qfrcuits 

11  Identify^i j3afiille!  circuit 

V 
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lOB  TRAINING.    WIku  the 
Worker  Should  Be  jhle  to  Do 
(Psychoi^iotof ) 


RELATED  INFORMATION  WhcH 
tlu'  Worker  Should  Know 
(Coijfiitive) 

12.        State   three  rules   tor  d 
parallel  circuit 

13         Identify   a  series  |)ciiiJllel 
CI  re 

14.        Match  am{)era(je  loads  tq/ 
wire  Sizes 


15  '       Use  ohm's  law 


16. 
17. 
18. 


Comf)ute  wattae^  ^ 

Sekjct  tlie  nonseries  loads  ^ 
Solder  an  elej:trical  connection 

4  UNIT  II     -ELECTRICAL  TEST  INSTRUMENTS 

1. 


List  eleven  safety  rult^s 
pertaining    to  electrical 
,     test  Tieters 

2.  List  general  rules  for  the 
protection  of  electriciJl 
test  meters 

3.  Identijy  electriCc^l  test 
instruments  ' 

4  Match  the  meter  to  its 
application 

5.  List  the  procedure  fo'' 
reading  a  hneter  scale 


^.        Discuss     three  circuit, 
conditions 

7.        Describe   the  procedur*? 
for  zeroing  the  ohmmeter 


8. 


P(u\d  a  volimet(^r  scale 


R(Md  Jf^  iinHP«'t(^r  scale 
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XVI 


JOB  TRAINING   What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 

10.  Read  an  ohmrDeter  scale 

11.  Determine  start,  run  and  common 
of  a  sinqie  phase  motor 

12         Use  ^  voltmeter 


13  Use  an  ohmmeter 

14.  ^se  a  wattmeter 

15  Use  an  ammeter 

16  Use  the  heimetic  analyzer 

17  Use  a  capacitor  analyzer 

18  Test  a  capaotor  with  an  ohmmeter 

UNIT  III    ELECTRIC  POWER 

r 

T 


RELATED  INFORMATION  What 
The  Worker  Should  Knon* 
fCofjnittve) 


Arrange  in  order  the 
steps  for  ciistrii>utin(j 
electric  pov/^yer 

Distinguish  hetwf^en 
sinqU?  phase  ami 
three-phasp  currrnits 

List  three  methods  of 
qn,.  ndinq  an  (electrical 
circuit 

Select  the  functions  of  a 
transformer 

Discuss  the  types  of 
three  f)hase  supply 


Read  an  electric  watt  hour  nietfT 

SECTION  B  UNIT  I    BASIC  FLFCTRIC  THE R^yiOSTATS 


1  Name    three    tyfjfs  of 

lluurnostats 


XVII 
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JOB  TRAINING    \A/I)jI  \\)v 
Worker  Should  Bv  Ah'-  to  Do 
(Psyc  tio[no(T)r ) 


RFLATED  INFORMATION 
ihc  Worker  Should  Know 
{Co()nitive) 


What 


ld(Milify  pcirts  of  a  low 
voltaqo  thermostat 


3.        identify     pnrts     of  a 
millivolt  tliermostat 


4.  Identify  ports  of  a  line 
voltcKje  thermostat 

5.  Identify        types  of 
thermostat  contacts 

6.  Identify       shapes  of 
thermostatic  himetals 

7        Discuss  the  operation  of 
a  thermostatic  i^iimiMal 

8.        Discuss  thormostat 
anticipation 

9         List  the  characteristics  of 
twosta(|e  thermostat 

10  Discuss  the  advantacjes  of 
a  time  cofitrolled 
tlK^rmostcit 


1 1         Select      from  a  list 

fjui(lol!n(?s   for  corrcc  ily 

iristtHlincj  a  room 
tliermostat 


12.  LKt  the  af)|)lications  of 
low  voltafje,  millivolt, 
and  line  voltafjo 
thermostats 


13.        Match    the    low  voltaqe 
-  thermostat  suhhcjse 

tf.'rminal  markiru|S  to  the 
proper  cornoonent 

14/       WiM'  c)  Mn*r*,utV  hiilh  to  (ori.»'Cl 
ter  mifUils 


ERLC 
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XVH! 


A 


*10B  TRAINING'    What  the 
Worker  Should  Be  Abie  to  Do 
(Psychomotoi ) 

15.  Determine  heat  anticipation 

16.  Install  a  wall  thermostat 


RELATED  INFORMATION: 
the  Worker  Should  Know 
(Cognitive) 


What 


UNIT  II'  RELAYS 


1.  Identify  motor  starting 
relays 

2.  Identify  control  relay 
switching  symbols  ^ 

3.  Match  the  components  to 
the  correct  relay  terminal 
markings  that  they 
connect  to 

4.  List  the  specifications  of 
motor  relays 

5.  List  the  specifications  of 
a  contactor 


6.  Discuss  "  the 
characteristics  and  types 
of  time  delay  relays 

7.  Draw  the  connectinq 
wiring  of  a  hot  wire  relay 

8.  Drd'M  the  connectinc} 
wiring  of  a  currtnt  relay 

9.  Draw  the  connecting 
wiring  of  a  potential 
relay 

10.  Draw  the  connoctinq 
wiring  of  a  fan  relay 

1 1.  Draw     tho  connoctinq 
wiring  of  a  contactor 


12. 


Wire  a  hot  wire  relay 


ERLC 
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JOl   TRAINING   Wluit^tne  RELATED  INFORMATION  What 

Worker  Shoukl  Be  AI.'p  to  Do  the  Worker  ShoiiJH  Know 

(Pbycboinotori  ^Coqnitive) 


13. 

Wire  a 

currtMit  ri^idv 

14. 

Wiie  a 

po^ontial  relay 

15. 

Wire  a 

fan  .eiay 

16 

Check 

►-plays  vvitli  an  ohrTinieter 

17. 

Chock 

relays  with  a  voltmeter 

18 

Check 

relays  with  an  ammeter 

UNIT  III     PROTECTION  DEVICES 


1  Identify  types  of 
overcurrent  orotection 
devices 

2  Describe  the  operation  of 
a  Single  element  fuse 

3.  Describe  the  oneration  of 
a  time  delay  fuse 

4  Describe  the  operation  of 
a  circuit  breaker 

5  List  national  electrical 
code  requirements 
pertainrnq  to  fuses  for 
less  than  600v 

6.  List  f^^  'r  national 
electrical  code 
recjuirements  pertaining 
to  circuit  breakers  for 
less  than  600v 

7  Identify  the  types  of 
pressure  actuates) 
protection  devices 

8  Describe  the  pressure 
actuated  ,  protection 
devices 

9.  Identify  the  types  of 
electrical  -  system 
(Mcxtection  (ievices 

10        Describe    the  elertrin' 
system  protection  ciev«ces 
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JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION  VVfiat 
the  Worker  Shouid  Know 
(Co^jnitive) 


11. 

Adjust 

a 

hiqh  [pressure  switch 

12, 

Adjust 

a 

low  pressure  switch 

13 

instal' 

a 

lockout  relay 

14 

Check 

a 

sohci  state  compressor 

motor 

nrotector 

UNIT  IV  CAPACITORS 

1  Discuss  the  role  of 
capacitors  in  the 
operation  of  motors 

2.  Identify  the  types  of 
capacitors 

3  Discuss  the  run  capacitor 
identified  terminal 

4.  List  the  causes  of 
capacitor  failuie 

5.  List  the  factors  to 
consider  when  replacing 
capacitors 

6.  Solve  problems  for 
capacitors  wireci  in  series 
and  parallel  usinq  the 
formulas  given 

7  Draw  connecting  wiring 
for  a  start  capacitor  with 
a  current  relay  and  a  start 
capacitor  with  a  hot  wire 
relay 

8,  Draw  connectirg  wirina 
for  a  start  capacitor  with 
a  potential  relay 

9.  Draw  connecting  wiring 
for  a  run  capacitor  with 
a  permanent  split 
capacitor  compressor 
motor 


XXI 
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JOB  TRAINING    What  the 
Worker-  Should  Be  Alile  to  Do 
(Psychomotor  > 


RELATED  INFORMATION  What 
th.^  Worker  Should  Know 
(Coqnitive) 


T,0  [Jraw  connectinq  wiring 

;  for    capacitors    with  a 

5  capacitor  start  canacitor 

5  run  commessor  motor 

11.  Wire  a  start  capacitor  witli  a 
cutrer^t  or  hot  wire  relay 

12.  Wire  a  start  capacitor  with  a  ^  ' 
potential  relay 

13.  Wire  a  run  ca[)acitor  Vv'ith  a  PS.C,  .^^5 
comf)!essot  iTiotor 

14.  Wire  a  run  cafvacito''  with  a  C  S  C  R 
compressor  mo^or 

15         Determine  ri^icrofai ad  ratin^]  of  a 
capacitor 

SECTION  C  UNIT  I      INTRODUCTION  TO  ELECTRIC  MOTJRS 

List  safety  rules 
pertaining  to  working 
with  eiectric  motors 

2  Discuss  njoqnetism 

3  Discuss   magnets   in  an 
induction  typo  rTUJtor 

4  List     five     types  of 
sinqle-ohase  motors 

5  identify  parts  of  an  open 
rnoto^' 

6  Identify     the  cornrTion 
types  of  moto!  mounts 

^  1 .        Discuss  motor  (enclosures 

8,       Discuss  three  phase 

motors  . 


XXII  xg 


JOB  TRAINING    What  the 
Worket  Should  Be  Abie  to  Do 
(PsyclTomotOf ) 


RELATED  INFORMATION  What 
the  Worker  Should  Know 
(Cognitive) 


9.  List  the  information 
provided  on  a  motor  data 
plate 

10.  Identify  the  types  of 
motor  V-puileys 

11,  Solve  nroblems  LSing  a 
metiiod  for  deterniinmg 
pulley  size 

12,  List  causes  of  motor 
problems 

13.  List  remedies  of  motor 
problems 


14.       Determine  length  of  a  V-belt 
15        Adjust  V  belt  tension 

UNIT  II     SPLIT-PHASE  MOTORS 


1-  State  the  horsf^power 
range  of  split-phase 
motors 

2  List  applications  of 
split-phdse  motors 

3.  List  the  two  windings 
of  a  split  phase  motor 

4.  List  the  characteristics  of 
the  windings  in  a 
spilt  phase  motor 

5.  Discuss  the  purpose  of 
the  starting  switch 

6.  Identify  the  components 
of  a  split  phase  motor 

7.  Identify  the  split-phase 
motor  le<<({s  by  NFMA's 
code 
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JOB  TRAINING    What  th.- 
Worker  Shouk^  Bp  A[)ie  to  Do 
(Psvcho'dotof ) 


RELATED  INFORMATION  What 
Worker  Should  Know 
(Cofinit-ve! 


8.        Match  code  niirnhor  to 
coloi  code  of  motor  leads 

9  Identify  the  directions  of 
roidtion 

10.        Identify  the  motor  [)ower 
wirings 

11.  Wire  a  split-fihase  motor  :o  a 
240  VAC  supply 

12.  Uisass<'m[)ie,  fns[)ect,  cl^an.  and 
feasseml)le  a  s:.!'t(;hase  rno*or 

UNIT  III     SHADEDPOLE  MOTORS 

1.  LiSt  five  apr)licat!ons  of 
shaded  pole  motors 

2  Discuss  the  -stator 
construction      of  the 

, shaded  pole  motor 

3  Match  numl)er  of  ooles 
to  th-i  corrfct  motor 
RPM 

4  List  two  disadvantcKjes  of 
shaded-pole  motors 

5.  List  tfie  voltarjes  for 
shadefl  f)ole  motors 

6  Discuss  the  metfiods  of 
reversinc)  rotdtton  ot 
shaded  pole  motors 

7  Discuss  the  m(^thods  of 
varyinr^  the  Sf)eed  in 
shaded  imie  motors 

8  Slatf*  the  most  common 
remedy  of  shaded  f)ol^ 
r^TOtor  failure 
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JOB  TRAINING.  What  che  , 
Worker  ^Should  Be  Able  to  Do 
(PsYchomotor)     -  ' 


RELATED  iNFORolATION  What 
the  V^/orke(  Should  Knovv 
(Coynitivc^) 


UNIT  IV    CAPACITOR  MOTORS 


1.  Ijst  XV'o  tyues  of 
capacitor  motors 

2.  Discuss  the 
characteristics  of 
capacitor  motors 

3.  Discuss  C.S.I  R.  motors 

4.  Discuss  C.S.R.  motors 

5.  Discuss  P.S  C.  motors 

6.  Identify  the  wiring 
dtaqrams  of  C.S  I.R^, 
C.S.R. „and  P.S.C  motors 


Reverse  the  rotation  of  a  P.S.C. 
motor 

Start  a  seized  hermetic  comnressor 
motor 


UNIT  V'    THREE-PHASE  MOTORS 


1.  List  the  three  major 
types  of  three-phase 
motors 

2.  Discuss  the  electrical 
characteristics  of  a 
three-pha$e  motor 

3.  J-      Distinguish    between  a 

symbolic  drawing  of  a 
delta  wound  motor  and  a 
symbolic  drawiTej  of  3 
wye  "Y"  wound  motor 

4.  Discuss  the  synchronous 
motor 

5.  Discuss  the  Sf|uir/el-cage 
motor 


ERJC 
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JOB  TRAINING    What  the 
Worker  Should  Be  Able  to  Do 
(PsYchomotOf ) 


7. 

8. 

9. 
10, 
11. 
12. 

13.' 
14. 

15. 
16. 


RELATED  INFORMATION.  What 
the  Worker  Should  Know 
(Cognitive) 

6.  Discuss  tl^.e  wound-rotor 
motor 

7.  Describe  the  procedure 
of  reversing  the  rotation 
of  a  threa-phase- motor 


SECTION  D-UNIT  I:  WIRING  TJIAGRAMS 


Draw  a  basic  ladder  schematic 

Draw  current  relay  wiring  diagrams 

Draw  potential  relay  w,inng  diagrams 

Draw  hotwire  relay  wiring  diagrams 

Draw  gas  furnace  wiring  diagrams 

Draw  outdoor  conde^is^ng' uni:  wiring 
diagrams 

Draw  .electric  furnace  wiring  diagrams 

Draw  indoor  air  handler  arfj  outdoo. 
condensing  unit  wiring  diagram 

Draw  a  domestic  refrigerator  wiring 
diagram 

Draw* a  ladder  schematic  by  looking 
at  a  domestic  refrigerator 


1. 

2. 


Identify  wiring  diagrams 

List  the  characteristics  of 
a  pictorial  wirmg  diagram 

List  thp  characteristics  of 
a  hematic  wiring 
diagram 

List  the  major  stefW  m 
building  a  ladder 
schematic 

Discuss  the  schematic 
legend 

Match  schematic  symbols 
to  component  name 
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JOB  TRAINING    What  the  RELATED  INFORMA'^ION  What 

Worker  Should  Be  Able  to  Do  the  Worker  Should  Know 

(Psychomotof )  (Cognitive) 


17.  Draw  a  ladder  schematic  by 
looking  at  a  window  air  conditioner 

18.  Draw  a  ladder  schematic  by  looking 
at  a  system  with,  a  low  voltage 

^  control  circuit 


SECTION  E--UNIT  I    DOMESTIC  REFRIGERATION  FUNDAMENTALS 

1         Identify       types  of 
domestic  refrigeration 

r  ^ 

2.       Identify  refrigerator 
^  cabinet    hardware  and 
trim 


3.  List  information  given  on 
a  refrigerator  data  plate 

4.  List  "  three  cojrimon 
locations  of  refni^ei ator 
data  plates 

5.  "    List  two  major  reasons 

why  a  refriqerator  should 
he  transported  liOrlght 

6.  List  SIX  common 
domestic  refriqerator 
problems 


7.  Remove  and  replace  breaker  trim 

8.  Adjust  a  door 


UNIT  IL    SEALED  SYSTEM  COMPONENTS 


.1.  -  List  the  sealed  system 
components  of  a 
domestic  refriqerator 

2.  Discuss  the  function  of 
the  sealed  system 
components  in  a 
domestic  refriqerator 

3.  Identify  types  of 
evaporators 

4.  List  tfio  locations'  of 
evaporators 


^xvii 


JOB  fPAINING:    What  the 
Worker  Should  Be  Able  to  Do 
{Psychomotor) 


RELATED  INFORMATION.  What 
the  Worker  Should  Know 
(Cognitive)  ^ 


5.  Identify       types  *  of 
compressors 

6.  Identify       types  of 
condensers 

7.  List    the    locations  of 
condensers 

8.  List     the  information 
^              needed  when  replacing  a 

capillary  tube 

9.        Replace  a  compressor  motor  ' 

10.  Install  a  low  side  service  Stub 
on  a  recif)roc5l  compressor 

11.  Instal!  service  stubs  in  4 
re^ngerafit  lines 

12.  Replace  a  capillaty  tube 

13.  Install  a  litjuiti  line  filter-cirier 

UNIT  III.    DOMESTIC  REFRIGERATION  DEFROST  AND  ELECTRICAL  CONTROLS^ 

S         V.        List      eight  domestic 
refrigerator  heaters 


Discuss 
heaters 


location  of 


Discuss  the  purpose  of 
refngeratbr  heaters 


'  Identify 
controls 


electrical 


Discuss  location 
electrical  controls 


of 


6. 


8. 


Discuss  hot  gas  defrost 
components 

Discuss  electric  defrost 
components 

List  two  off  cycle  defrost 
components 
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XXVIjl 


JOB  TRAINING.    What  the 
>Vorker  Should  Be  Able  to  Do 
/  (Psychomotor) 

*9.       Name  the  heater  circuits 

10/      Name  the  controls 

11.  Diagnose  circuit  problems 

12.  ■     Replace  a  temperature  control 

13.  Replace  a  defrost  heater 
UNIT  IV   -MECHANICAL  SERVICING  OF 


RFlATED  iNFORflATtON:  Wfiat 
the  Worker  ShouJd  K^novy 
(Ccqnitive) 


9.        Repair  an  evaporator  with  epoxy 

10.  Evacuate  and  charge  a  refrigerator 
which  has  only  a  low  side  service 
valve 


DOMESTIC  REFRIGERATORS 

1.  List  three  types  of  leak 
detectors 

2.  Discuss  the  indications  of 
a  refrigerant  leak 

3.  List  three  common 
mechanicar  -  '  system 
failures 

4.  Discuss  ^  the 
characteristics  of  a 
compressor  with 
defective  valves 

5.  Discuss  the 
characteristics  of  a 
restricted  capillary  tube 

6.  '       Lisl  the  characteristics  of 

an  overcharged  system 

7.  Discuss  compressor  burn 
out 

8.  List  the  steps  in  cleaning 
a  system  after  burn  oul. 


XXIX 
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JOB  TiRAiNING:    What  Me 
Worker  Should  Be  Able. to  Do 
(Psychomotor) 

4 

1?.       Evacuate  and  charge  a  refrigerator 
which  has  oniy  a  high  side  se^s/ice 
valve 


RFLATED  INFORMATION: 
the  Worker  Should  Know 
(Cognitive) 


What 


J>2.       Cle^n  a  system  after  burn  out 

13.  Clean  a  restricted  capillar/  tube 

14.  -  Repair  an  evaporator  by  aluminum 

brazing 

15.  Check  efficiency  of  a  compressor 


UNIT  V     TROUBLESHOOTING  DOMESTIC  REFRIGERATORS 
if  • 

1.  List  *  the  steps  in  a 
systematic  approach  to 
ti^oubleshootinq 


2.  List  the  preliminary 
checks  to  be  made  when 
troubleshooting  '  a 
refrigerator 

3.  List  the  sXe\^s  in  checking 
a  nonoperative 
compresscr 

4.  Discuss  the  procedure  in 
troubleshooting  a 
frost-free  refrigerator 

5.       Demonstrate  the  ability  to  diagnose 
refngoratu  complaints 

UNIT  VI'    DOMESTIC  REFRIGERATOR  ICE  MAKtRS 

1.  Identify  three  types  of 
ice  makers 

*     /  ?.       Identity  the  f)ictorial  and 


sdftfematic  wirirK] 
diagrams  for  eacfi  of  the 
three  types  of  ice  makers 


XXX 


JOB  TRAINING   What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotoi ) 


RELATED  INFORMATION  What 
the  Worker  Should  Know 
(Cognitive) 


13.        Install  a  refrigerator  eciuipped 
with  an  ice  maker 

14        Disassemble  and  clean  a  wati»r 
flit  valve 

15.        Replace  thermostat  m  a  crescont 
shape  cul)e  ice  maker 


r  3.  Discuss  the  operation  of 
the  crescent  shaped  cube 
ice  maker 

4.  Identify  the  parts  of  a 
crescent  shaped  cube  ice 
maker 

5.  Match  the  problem  of  the 
crescent  shaped  cube  ice 

^     ,  maker  to  the  checks  and 
remedies 

6.  Discuss  the  operation  of 
the  five  cavity  ice  maker 

7.  Ider-cify  the  parts  of  the 
five  cavity  ice  maker 

8.  Match  the  problem  of  the 
five  cavity  ice  maker  to 
the  correct  remedies  or 
checks 

9  Discuss  operation  of  the 
flex  tray  ice  maker 

10.  Identify  the  parts  of  tfie  - 
fiex  tray  jce  maker 

1 1 .  Match  the  problem  of  the 
flex  tray  icc  maker  to  the 
correct  remedies 

12.  Identify  water  valves  and 
their  components 


JOB  TRAINING-    What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


DELATED  INFORMATION;  What 
the  Worker  Should  Know 
(Cognitive) 


16.  Replace  mold  seal,  bedriruj  and 
retainer  in  <^  five  cavity  ice 
maker 

17.  Adjust  v;ater  valve  switch  in  a 
flex  tray  'ce  maker 

18.  Replace  mold  heater  m  a  crescent 
shape  cube  ice  maker 

SECTION^F--UNIT  1    FUNDAMENTALS  OF  W-INDOW  AIR  CONDITIONERS 

1.  List  ti.e  five  functions  of 
an  air  conditioner 

2.  Identify  window  air 
conditioner  cabinet  parts 

3.  Identify  window  air 
conditioner  parts 

4.  Match  electrical 
receptacle  design  to 
volt^jge    and  amperage 

^  ^  requirements 

5.  Match  wire  size  Jo 
current  carrying  capacity 

6.  Identify  parts  of  the 
w'ndow 

7.  List  the  procedure  for 
mstalhng  a  window  air 
conditioner 

8.  Discuss  major 
components  of  window 
air  conditioners 

9.        insldi!  d  window  air  condilionej 

.;n!T  II    Window  air  conditioner  repair 

1.  List  the  information 
given  on  a  window  air 
conditioner  data  plate 
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JOB  TRAINING-    What  the 
Wo-.er  Should  Be  Able  to  Do 
.  (Psychomotor) 


RELATED  INFORMATION.  What 
the  Worker  Should  Know 
(Cognitive) 

2.  Discuss  compressor  data 
plates 

3.  Identify  schematic 
components 

4.  Match  window  air 
conditioner  problems  to 
remediec  and  checks  ^. 


5  Check  control  sv/vitch  with  an  ohmmeter 

6.  Clean  u  condenser 

7.  Replace  a  fan  motor 

8.  Install  a  ha^'d  start  kit 
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TOOLS 


.(NOTE:  These  are  the  recommended  tods  and  equipment  necessary  for  an  air-condittoning 
and  refrigeration  training  program.) 


Screwdrivers 


1. 
2. 
3. 
4. 
5. 

Wrenches 


Standard  slot 
Phillips 
Clutch  head 
Stubby 
Offset 


1. 

Open  end 

2. 

Box  end 

3. 

Combination 

4. 

Adjustable  open  end 

5. 

Pipe 

6. 

Flare  nut 

rliers 

1.  / 

Slip  joint 

2 

Slip  groove 

3  » 

Long  nose 

4. 

Diannnal  cutters 

c 
o. 

Plifr  \A/rPnph 

r  1  IL,I      VVl  CI  H-H  ^ 

o. 

r  1  nCP-OTT 

Hammers 

1 

Ball  peen 

2 

Soft  face 

3 

Sledge 

4. 

Cldw 

Punches," 

Chisels,  and  Bars 

1. 

Pin  punch 

2. 

Center  punch 

3 

Flat  chisel 

4. 

Pry  bar 

5 

Scratch  awl 

Files 

1. 

Fiat 

2. 

Half  round 

3 

Round 

■  4 

Point 

Slim  taf)er 

6 

Handle 

Socket  sets 

1.  Ratchet  handle 

2.  Socket 

3.  Deep  socket 

4.  Hinge  handle 

5.  ^  Extension 

6.  Speed  handle 

7.  Universal  joint 

Tubing  tools 

1.  Flaring  tool 

2.  Tubing  reamer 

3.  Flanng  biock 

4.  Cutter 

5.  Double  flare  punch 

6.  Swage  punch 

7.  Lever  type  bender 

8.  Bending  spring 

Accessory  hand  tools 


1. 

Wire  stnppers 

2. 

Drop  light  > 

3. 

Oil  can 

4. 

Hack  saw 

5. 

Screw  starter 

6. 

Safety  glasses 

7. 

Nut  dnvers 

8. 

Level 

9. 

Hex-key  wrenches 

Threading  too's 

1.  Tap 

2.  Die 

3.  Die  stock 

4.  T-Handle  tap  wrench 
5        Hand  tap  wrench 

Refrigeration  qaurj(»  sf'ts 

Leak  detectors 

1.  Soap  solution 

2.  Halide  torch 

3.  Electronic 
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Drill  motors 

1.  "  Straight 

2.  '  Offset 

Drill  bits 

1.  Twist 

2.  Wood 

3.  Masonry 

Bench  grinders 


Vises 

1. 

Bench 

2. 

Pipe 

Pullers 

1. 

Wheel 

2. 

Bearing 

3. 

Gear 

Thermometers 

1.  Pocket 

2.  Remote  bulb 

3.  Flue  and  stack 
Thermal  electric 

Recording  thermometers 

1.  MaptJal  wind 

2.  Electric 

Hy^ometers 

1.  SImg-psychrometers 

2.  ''Dial  type 

3.  *      Humidity  recorder's 

Vacuum  pumps 

1,       Low  vacuum 
'  2.       Deep  vacuum 

Vacuum  indicators 

1.  Compound  gauge 

2.  Mercury  manometer 

3.  Thermocouple  micron  gauge 

Capillary  tube  cleaner 

1.  Manual  type 

2.  Hydraulic  type 

Charging  cylinders 


Service  valves 

1.  Hermetic  service  valve  kit 

2.  Access  valves  (core  type) 

3.  Process  tube  adapters 

4.  Line  piercing  valves 

Scales 
Fin  combs 
Oil  pump 

Combustion  testing  kit 

Air  meters 

1.  Aneometer 

2.  Pitoc  tube 

3.  Inclined  manometer 

Appliance  truck 
Knock-out  cutter 
Combination  pattern  snips 
Hand  notcher 
Hand  seanrrer 
Riveter 

Riveting  hammer 

Aviation  snips 
-   1.       Right  hand 
2.       Left  hand 

Double  cut  snips 

*  Hand  crimper 

Refrigeration  ratchets 
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Air-propfene  torch 
Torch  handle 
Regulator 

High  temperature  wraparound  ilame  tip 
Standard  tips 

1.  Small 

2.  Medium 

3.  Large 
Halide  leak  detector 
Soldering  copper 

Liquified  petroleum  cylinders 

1.  2  1/2  lb  capacity 

2.  20  lb  capacity 
Hose-B  size  with  left  hand  nuts 
Striker 

Air-acetylene  torch 
Torch  handle 
Regulator 


Hose 

Tips 

1. 

No. 

1- 

-Very  fine  pointed  flame 

2. 

No. 

2 

■Fine 

3. 

No 

3 

-Medium 

4. 

No. 

4- 

■Medium  large 

5. 

No. 

5 

Large 

6. 

No. 

6- 

Extra  large 

Higli  temperature  wraparound  fiame  tip 
Hcilide  leak  detectors 
Soidermc)  copper 
Acetylene  tanks 

1.        "B"  tank,  40  ru!  .c 


I  cot 


Stnket 
Cylinder 


*'MC"  tank,  IQ  triibic  foot 
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Electric  welder  and  equipment 

1.  Electric  welder 

2.  Electrode  holder 

3.  Ground  clamp 

4.  Shield 

5.  Gloves 

6.  Chipping  hammer 

7.  Safety  goggles 

8.  Wire  brush 

9.  Electrode 

Electr  test  instruments 

1.  *  Voltmeter 

2.  Ohmmeter 

3.  Multimeter  ' 

4.  Wattmeter  - 

5.  Ammeter 

6.  Millivoltmeter 

7.  Hermetic  analyzer 

8.  Capacitor  analyzer 


Oxv acetylene  torch 


]  . 

Oxyqen  regulator 

2 

Acetylene  regulator 

3 

r  Torch  handle  ' 

4 

Cutting  attachment 

5 

Welding  \\\^ 

6 

Cutting  tip 

7 

Twtr^  fioso 

8 

Gogqies 

9 

Sti  1  K  tM 

10. 

Cart 

11. 

Ox v()en  cylinder 

12. 

Acetylene  cyli'^der 
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ACR  II 


FUNDAMENTALS  OF  ELECTRICITY 
^     UNIT  I 

UNIT  OBJECTIVE 


A-fter  completion  of  this  unit,  the  student  should  bo  able  to  match  terms  associated  with 
electricity  to  correct  definitions,  and^hst  materials  which  are  good  insuJators  and  conductors 
of  electricity.  The  student  should  be  able  to  distinguish  between  a  series  circuit,  a  parallel 
circuit,  a  senes  paraljel  circuit.  The  student  should  also  be  able  to  use  ohm's  law  to  calculate 
voltage,  current,  and  resistance,  and  compute  wattages.  This  kno^  ^edge  will  be  evidenced 
through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 


1. 

Match  terms  associated  with  electricity  to  the  correct  definitions 

• 

2. 

Distinguish  between  direct  and  alternating  current. 

3. 

List  materials  which  are    good  conductors  of  electricity. 

4. 

List  materials  which  are  good  insulators  of  electricity. 

5. 

List  the  equation  synnbols  and  equations  for  ohm's  law. 

6. 

List  three  equations  for  obtaining  wattage.  <^ 

7. 

List  four  common  conversions  of  wattage. 

8. 

List  the  three  items  that  make  a  complete  electrical  circuit 

9. 

Match  terms  to  correct  basic  electrical  symbols. 

10. 

Distinguish  between  a  series,  parallel,  and  series-parallel  circuit. 

11. 

State  four  rules -ior  series  circuits. 

« 

12. 

State  three  rules  for  a  parallel  circuit.  * 

13. 

Match  amperage  loads  to  wire  sizes.  ^ 

14. 

List  Items  of  concern  when  working  with  solid  state  controls. 
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^        i         15.       Demonstrate  the  ability  to: 

a.  Use  ohm's  law. 

b.  Compute  wattage. 

c.  Select  the  parallel  loads. 

d.  Solder  electrical  wire. 
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FUNDAMENTALS  OF  ELECTRICITV 
UNiy  I 


SUGGESTED/ACflVITIES 

I.  Instructor. 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  infdrmation,  assignment,  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

^   ^  ^.     Discuss  information,  assignment,  and  job  sheets. 

F,  Show  students  charts,  films,  and  other  supplementary  materiaLon  electrical 
fundamentals. 

G,  Show  students  how  to  calculate  problems. 

H,  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

^  C.     Complete  assignment  and -fob  sheets.  - 

D.    Take  test. 


INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  u.nt: 

A.  Objectiva  sheet 

B.  Information  sheet 

C.  Transparency  masters 

•   1.       Tlf\  1 -Memory  Aid  for  Ohm's  Law 
2i^^XfM  2"S7Mbols 


3.       TM  3-Symbols  (Continued) 
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4.  *    TM  4"Series  Circuit 

5.  TM  5  -Parallel  Circuit 

6.  TM  6--9eries-Parallel  Citcuit  ^ 

D.  Assign'^-'ont  sheets 

1.  Assignment  Sheet  #1--Use  Oiirn's  La*' 

2.  Assignnnent  Sheet  #2--Connpute  Wattage 

3.  Assignr-  nt  Sheet  #3-Se(ect  the  Parallel  Loads 

E.  Answers  to  assignnnent  sheets 

F.  Job  Sheet  #1 -Solder  Electrical  Wire 
G  Test 

H     Answers  to  test 
11,  References: 

A.    Wood♦^OG^  W»"'am  W.  Sennc  g  Comfort  Cooling  Systems  Colunnbus,  Ohio: 
NHAW  Home  Study  Institute,  1974. 

B  *  Miieaf,  Harry.  Electricity  One-Seven.  New  York,  New  York:  Hayden  Book 
Co  ,  1966. 
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Terms  and  detimttons 

A     Electrons  Negatively  charged  particles 

B       olid  state -Electrical  circuit  containing  semiconductors 

C      Conductor  -Any  material  with  the  ability  to  permit  passage  of  electrical 
curr?nt 

D.     Inbulator-'Material  with  an  e\    mely  high  resistance  to  current  *'ow 
E      Voltage  (EMFl  -Potential  difference  which  causes  current  to  flow 
F.     Current-  f^low  of  electrons  through  a  conductor  measured  m  amperes 
G      Resistance-Opposition  to  current  flow  measured  in  ohms 
H.     IVatt-'Unit  of  power  measurement 

I       Inductance-Property  in  an  electrical  circuit  which  opposes  any  change  in 
the  existing  current 

J      Capacitance  -Factor  in  an  electrical  circui.  that  allows  for  the  storage  of 
c!?ctrical  charges  and  opposes  any  change  in  existing  voltage 

K.     Impedance-Total  opposition  in  an  electrical  circuit  to  rhe  f'ow  of  alternating 
current 

L.     Power  fector- Ratio  of  true  power  to  ?»pparent  power  required 

M     Semiconductor-Conductor  which  has  a  resistance  value  in  between  a  good 
conductor  and  an  insulator 

INOTE:  Within  limits,  the  conductance  wiM  ncrease  with  temperature 
decrease.; 

N.     Counter  EMF  -Voltage  induced  in  a  conductor  which  is  moving  through 
a  magnetic  field  in  opposition  to  the  source  voltage 

(NOTE.  This  IS  a  generator  action  developed  within  every  motor.) 

0.     Hertz  (cycle)-OnP  complete  reversal  of  an  alternating  current  from  positive 
to  negative  and  back  to  the  starting  point  in  one  second 

P      Pci'^.iel  circuit-  Current  has  i  .ore  than  one  path  it  can  take 
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INFORMATION  SHEE't 
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INFORMATION  SHEET 

Q     Senos  circuit  Current  has  only  one  path  it  can. take 

R.    Series  parallel  circuit  Electrical  circuit  consisting  of  both  series  and  parallel 
coniponcnts  .  '         .  ♦ 

S      Branch-That  portion  of  a  total  circuit  which  is  independent  of  other 
portions  with  each  receiving  full  supply  voltage 

(MOTE    A  circuit  may  have  several  branches  mrallel  to  each  other  > 
T     Low  line  voltage  Decrease  m  voltage  available  to  a  power  consumir  3  device 
U.     Load-  Power  consuming  device 
Direct  and  alternating  current 
A     Direct  current 

1 .      ^  Supf)Iiec]  by 

a.     Ge  ,.rator 
b  Battery 

1 )  L)ry  cell 
2}        Wet  celt 

2  Flinvs  IP  f^ne  direction  only 

3  A[)l)reviated  as  DC 
B      a!  {*  rndtinf}  (ah  rent 

1  5upf)iied  l^y  an  alterndting  current  generc^tor  (alternator) 

2  Flop's  m  one  direction  then  reverses  and  flows  m  the  opposite 
(jire^  tion 

3  Al)t)rpv;dte(i  as  AC 
'^'lu'Jors  ui  pif'Ctncity 

A  S.lvcr 

(MOfb    Si!v»M  fus        least  resistance  to  current  flow.) 

C  (lOlu 

!)  Alurnirv.ir'i 
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INFORMATION  SHEET 


E 

Tungsten 

F 

Zinc 

G 

Bfc3SS 

H 

Platinum 

1 

Iron 

J 

iNickel 

K 

Tin 

L 

Steel 

\1 

Lead 

N 

Merrury 

0 

Nichrome 

(NOTE    Nichrome  ha^  the  highest  resistance  to  current  flow.) 

1 

P    ,  Air 
Q  Water 

(NOTE   Air  will  co^>yuCi  electricity  t"^Her  certain  humidity  conditions,  and 
water  wilt  connuct  electricity  wiien  it  contains  certain  trace  minerals.) 

IV     Insulators  of  electrrcity 

A  Glass 

B  Rubber 

C  PIdstic 

D  Wood 

E  Ceranuc 

F  Mica 
V     Ohm's  Ihw 

A      tstahhshes  a  mali-omaticai  relationship  ^^etwcen 

1         Potential  /voltage) 

(NOTE   Tfi's  IS  '^'lectromot^     rorcc  (EMF),  also  celled  electrical 
fjrpssurc  ) 
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2  Current  flow  lampefaqe) 

3  Resistjrice  (ohms) 
B.     E(juatiori  symbols 

1  E      Potential  medsured  in  volts 

2  I   -  Current  flow  measured  m  amperes 

3  R  ^  Resistance  measured  in  ohms 
C      Equations  (Transparency  1) 

1  E  -  I  X  R 

2  ^  I  -  E  R 
3.        R  -  EM 

VVciiib  idVv  \ui    DC  puvvtrt 

(MOFE  Tl^is  lav^'  also  works  for  AC  resistive  circuits  such  as  electric  heaters.) 
A     Establishes  a  mathi^matical  basis  for  the  amount  of  work  done 

(NOTE    The  af^ioLtnt  of  wattage  is  the  basis  of  the  electric  bill.) 
B      Ec|uat!ons  for  obtaininq  wattage 

(NOTE    P  IS  the  letter  symbol  for  power  measured  m  watts) 

1  P  ~  E^^  I 

2  p  -  |2  X  R 

3  P  -  e2/R 
Comn^on  conversions  of  \,d'taqe 

A     1  000  watts   -  1  kilowatt  (kw) 
B      .,000,000  Watts  -  1  megawatt 
C      74G  watts   ^  1  horsepower  (hp) 
D.     1  watt  hour      3  413  [>  t  u  's 
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INFORMATION  SHEET 

VIII     CofTinonents  of  a  Lomulete  electncal  circuit 
A      Power  source 
B      Connecting  vviiing 
C  Lodd 

tINiOTE    A  ^ourth  Item  is  often  added  lo  this  hst  'A'hiCh  is  a  sv\';tch  or  control. 
IX     Electrical  syn^bols  (Transparency  2) 
A  Capacitor  


B  Coi 


C  Contacts 


Normally  Open  (N.O  )      Normally  Closed  (N  C 
D  Conductors 


C''OSSing  Junction 

t.  Fuse 


F  Fu?ible  link  ^\..J^ 
G     Ground  connection 


H.  Light 


I       Resistor  or  resistance  heater   '/^/^A/^ — 

J      'vluitiple  conductor  cable 


.  1 

* — \ 

;  

K     Thermocouple  V^y' 
L      rvansformer  '^r::^::^^ 


VI     Thermal  overload  ^ 


4f; 


ERJC 


!\j     Bimetal  switch 


INFORMATION  SHEET 
.„  ^^^^^^  


0     Thermistor  .-^'\/'/^^ 


P  Connectors 


^  > 


^l.^le  Female 
0.    Switches  disconncci  ^/o/O/ 

R     Single  pole  single  throw  (SPST) 


S      Single  pole  fioul^le  throw  (SPOT)  0 

T      Double  pole  double  throw  (DPDT)    q  O-"^' 

o  o-^ 

U     Push  button  (normally  open)  i  


O  O 

V     Push  tDu^ton  (normally  closed) 

t 


VV     Pressure  switches       ^^'"'^t^-Q.  ^-^--r'^ 


r 


Opens  on  Pressure  Rise  Opens  on  Pressure  Drop 
X      T'^nipiMt^turf  switch  ^"^"""'"'"'^■■^^ 

V     PoMT.dneni  split  capdcitor  motor  ^'o^e  on  Rise        Open  on  Rise 


Sirujip  fihjse    tujlor  \^  '^-_„^- 
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'NFOPMATION  SHEET 


AA  Tfiref^  pfuiSe  motor 


X.    Seiies,  parallel,  and  series-parallel  circuits 
A     Series  circuit  (Transparency  3) 

B.  Pafallel  circuit  (Transparency  4) 

C.  ^  Senes  parallel  circuit  (Transparency  5) 

XI  Rules  for  series  ci.  ,U(ts 

A     The  current  is  the  same  throughout  the  circuit 

B.  The  sum  of  the  voltage  drops  around  a  series  circuit  will  equal  th^ supply 
voltage 

C.  The  largest  voltage  drop  occurs  in  the  component  with  the  highest  resistance 
D     The  sum  of  the  resistances  of  the  components  equals  the  total  resistance 

XII  Rules  for  parallel  circuits 

A.     Total  current  equals  the  sum  of  the  current  m  all  branches 
B     Voltage  is  the  same  across  all  branches 

C.     Total  resistance  is  always  less  than  the  smallest  branch  resistance 
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INFORMATICN  SHEET 

XIII     Atnpercige  loads  and'wiro  sizes 

GE^JERAL  PURPOSE 


M  n  Y 1  ni  1 1  m 

IVtCIAIIIILJMI 

iVln  1 1"^  r 

i  V  lU  LU  ( 

Wire 

A!  !^v.■\/r^blp 

Power 

Size 

Capacity 

Single  Phase 

3  Phase 

AWG 

Amps 

115V!  230V 

230V 

14 

15 

34'  2 

3 

12 

20 

1     ;  3 

5 

10 

30 

2     ,  3 

7-1/2 

8 

40 

3     1  5 

10 

6 

55 

3     ;  7-1/2 

15 

4 

70 

5  10 

20 

(i\iOTE      AWG  stands  for  American  Wire  Gaupe.) 

XIV.    (terns  of  concern  when  working  with  solid  state  controls 

A.     R'ln  electronic  signal  wiring  m  sfiielcJed  cable  or  metallic  conduit  to  avoid 
eiectncally  no«sy  locations 

bxample  Fluorescent  i^qhts,  comrnutating  switches,  strong  alternating 

field  motors 

B      Voltage  surge 

C      Replaceahle  modules  for  field  repair 

(NOTP:.  The  warranty  on  most  solid  state  controls  is  void  if  the  cover 
hjs  been  removed  for  field  repair  ) 

D     Exposure  to  excessively  hr|h  temperatur^  will  damage  solid  state  devices 
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Memory  Aid  For  Ohm's  Law 


Capacitor 
Coils 

Contacts 


^Twnp — 


\ 


Conductors  — 

\  " 

\  Crossing  Junction 
Fuse   ' 


Fusible  Link 


Symbols 


Resistor 


Multiple 

Conductor 

Cable 


Open       Closed  Thermocouple 


Transformer 


Ground 
Connection 

light 
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Thermal 
Overload 

Bimetal 
Switch 


Thermistor 


Connectors 


> 


Switch 
Disconnect 


0/0/ o 


Single  Pole 
SingleThrow 


SPST 


Single  Pole 
Double  throw 


o 


SPDT 


Double  Pole 
DoubleThrow 

o 


Push  Button 


Male  Female 


o  o 
(Normally  Open) 
Push  Button  |i 

(Normally  Closed) 
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Pressure 


NO 


NC 


Temperature 


Temperature 


Close  on  Rise 


Open  on  Rise 


ERIC  53 


Three  —Phase 
Compressor  Motor 


Series  Circuit 


Transformer 


Primary 


Thermostat 


^  Socondar/ 


Heat 
Anticipator 


Limit  Control 

HI 


Parallel  Circuit 


Transformer 


Primary  ^  ^ 

 5fc 


Secondary 


Manual 

Reset 

Valve 


Operative 
Valve 


\ 


Branch  Circuits 


Series-Parallel  Circuit 


Transformer 


Primary 


o 


High 

Limit  V. 
Switch  IS 


Secondary  Manual 
Reset 
Valve 


Push 
Button 
Switch 


B 


Thermostat 


Heat  Anticipator 

A,A/v  


Operative 
Valve 


D 


> 
O 
33 
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CO 


ACR  II 


-  25-A 


FUNDAMENTALS  OF  ELECTRICITY 
UNIT  I 


ASSIGNMENT  SHEET  ri-USE  OHM'S  LAW 


Use  ohm's  law  to  solve  the  following  problems 

l  =  ? 


E-120V 


^  R1=4 


Anf 


1=4  Amps 


^  E=120V 


1=20  Amps 


Ans. 


•R1  -12 


Pns. 


1  =  10  Amps. 


R1=44 


Ans 


ERIC 
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26  A 


ASSIGNMENT  SHEET 


=3  Amfjs 


Ans 


1^  5  Amps. 


R1-  48 


Ans. 


^  ) E -MO  V 


R1-110  A 


Ans  - 


0  4  Anips 


^      f  24  VAC 


^ 


Ans 
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FUNDAMENTALS  OF  ELECTRICITY 
UNIT  I 


ASSIGNMENT  SHEET  #2--C0MPUTE  WATTAGE 


Use  the  equations  below  to  solve  the  following  problems. 
P 


1 


E  X  I,  P  =  |2  X  R,  P  =  e2/R 
1=60 


E=240V 


> 


E=240Vi 


1  =  100 


^ 


Ans.  P= 


Ans.  P= 


Ans.  P- 


1-125 


> 


i  E=240V 

i  


Ans.  P- 


E  24V 


^"  R=600  -Ti- 
Ans  P 


:RJC 
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FUNDA1V1ENTALS  OF  ELECTRICITY 
UNIT-  I 


ASSIGNMENT  SHEET  #3-SELECT  THE  PARALLEL  LOADS 


Directions:  Select  the  loads  in  the  following  circuits  which  are  wired  parallel  to  the  voltage 
source,  and  which  are  not  in  series  with  another  load.  Place  the  appropriate  load  designating 
numbers  in  the  space  provic'ec|  for  each  circuit  at  the1;ottom  of  the  page. 


(A! 


(B) 


-_  (G) 


(C) 


(H) 


(D) 


(I)  _ 


(J) 


ERIC 
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FUNDAMENTALS  OF  ELECTRICITY 
UNIT  1 

ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  ^1 

1  30  anips 

2  30  ohms 

3  240  volts 

4  440  volts 

5  40  ohms 

6  24  .'olts 

7  4  amps 

8  60  ohms 
^^sbinr^nH^M^  Sheet  ^2 

14,400  watts 
4,800  wdtts 
24,000  vdtts 

96  wdtib 


1.  14  4  kw 

2  4  8  k  "V 

3  24  K^^ 

4  30  kv, 


FUNDAMENTALS  OF  ELECTRICITY 
UNIT  I 

JOB  vSHEET  ^1  SOLDER  ELECTRICAL  WIRE 

Fools  and  materials 
A      Soldertng  gun 
B      Diagonal  cutters 
C    '  Long  nose  pliers  ♦ 
D     Wire  shippers 
E      Safety  glasses 
F      Rosin  core  solder 

G     Tv'O  6-inch  nieces  stranded  copper  vvire 

H     Wire  terminal 

Pf'ocedure 

A     Put  on  safety  glasses 

B      Stiu)  orifj  inch  of  insulation  ffom  the  end  of  each  v 


0/ 


6G 
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JOB  SHEET  #1 

C     TwisX  the  wire  until  it  forms  a  solid  wire  (Figure  1) 

STRAIGHT  SPLICE 


1)  Bend  90^  Angles 
in  Both  Conductors 


3)     Hold  One  Conductor  Secure 
While  Wrapping  the  Other 


2)     Hook  Conductors 
Together 


ir 


4)     Finished  S^traight  Solice 


FIGURE  1 


7 


D     Clecin  tip  of  soldenng  gun 
E,     Place  the  sphce        the  work  bench 

(NOTE  The  splice  Should  not  touch  the  bench. 
F      Heat  soUiering  gun  tip 

G     App^y  a  small  annount  of  solder  to' the  tip 
H      Holfj  the  soldering  qun  on  the  splice 


ERLC 
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It  * 

Job  sheet  #i 

L     Apply  solder  to  the  splice  (Figure  2) 


J.  Remove  the  solder  when  ihe  splice  fills 

K.  StriD  other  end  of  wire 

L.  Heat  bare  wire  with  soldering  gun 

IVl  Apply  solder  until  it  fills  all  strands 


(NOTE:  This  process  of  applying  a  coating  of  solder  is  referred  to  as 
tinning.) 

N.     Crimp  a  wire  terminal  onto  the  tinned  portion  of  wire 
0.     Heat  the  terminal  with  the  soldering  gun  (Figure  3) 
P.     Apr',  solder  ^ 


Qv   Remove  gun  after  solder  flows 
R     Have  the  instructor  inspect 
S.     Clean  up  and  put  av^ay  tools 

♦ 
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-UNDAMEiMTALS  OF  ELECTRICITY 
UNI  .  I 


NAME 

TEST 


1         Match  the  terms  on  the  right  to  the  correct  definitionb 


_a  Conductor  which  has  a  resistance  v?!ue 
in  between  a  good  conductoi  and  an 
•-^sulator 

_b  Material  with  an  extrenneiy  high 
resistance  t'^  current  flow 

_^c.  Ratio  -^f  true  power  to  apparpnt  power 
required 

^d    Negatively  charged  particies 

^e  One  complete  reversal  of  an  alternating 
current  t.-om  positive  to  negative  and 
back  to  the  starting  point  in  one  second 

_f.    Unit  of  powei  nneasurennent 

_g.  Voltage  induced  in  conductor  which 
IS  moving  through  a  magnetic  field  in 
opposition  to  the  source  vo'tage 


_h.  Electrical 

semiconductors 


cult 


containing 


J.    Potential  difference  whic^h  causes  c  jrrent 
to  flow 

Property  in  an  elecf'icdl  circuit  which 
opposes  any  change  in  the  existing 
current 

_k    Flow  of  electrons  through  a  concluclor 
measured  in  ampe^eb 

'     Any  material  with  the  ahibry  m  (ipcmt 
passatje  nf  eU\:tric<)i  cu(r»>n( 


1. 

Resistance 

2 

Electrons 

3 

Irnpcdance 

4 

Semiconductor 

5 

Walt 

6 

Solid  state 

7. 

Heitz  (cycle) 

« 

1  rTQi  i  \  r\r 

9. 

Countei  FMF 

10. 

Inductance 

11 

Voltaqe  (EMF) 

12. 

CapacitdPCP 

13 

Conductor 

14 

Pow^r  factor 

15. 

Cuf  rent 

16 

Parallel  circuit 

17 

Series  circuit 

IS 

StMif'b  par ailf ' 

cii  rui  t 

19 

20 

1  nr/  lifir  voit<K)e 

71 
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 m.  Factor  in  a''  -^^ectncal  circuit  thdt  allows 

for  the  Sio..dye  of  electrical  charges  and 
opposes  any  change  in  existing  voltage 

 n    Oppositiof!  to  current  flow  measured  in 

ohms 

 o.  Total  opposition  m  an  electrical  circuit 

to  the  flow  of  alternating  current 

 p    That  -portion  of  a  total  circuit  which  is 

independent  of  other  portions  with  each 
receiving  full  supply  voltage 

q    Current  has  only  one  path  it  can  take 

r    Power  consuming  device 

^  _s    Electrical  circuit  consisting  of  both  series 
and  parallel  comoonents 

 t    Decrease  in  voltage  available  to  a  power 

consuming  device 

  u    Current  has  more  tfian  or^    oatn  it  can 

tdkf^ 

2  DKiir^riLjish  bf^Mv^yeen  direct  and  dlternatinq  current  by  placing  "AC"  in  front  of 
*hfj  items  tiiat  refer  to  alterndtmq  current  and  "DC"  in  front  of  the  items  that 
ref»n  to  rlir.  ct  rurreni, 

a    Flows  in  (  ne  direction  tfien  reverses  and  flows  m  ihe  oppo    e  directiof". 

i)    Dry  CfHi  britter  V 

3uof)i'(Mi  by       dUcTfidtiru)  current  generator  (alternator) 

d    Fiows  in  01^/  direction  or'\/ 

n    Su{)plted  by  a  ijenerator 

3  i  isi  !''n  rii  ii^T'dK  which        (]•  ^ni  conduc  tois  elertr'City 


I) 
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d. 


f 

g  ■ 

h. 

I. 
J 

4.  List  five  materials  which  are  good  insuiatoi's  of  electricity, 
a. 

b 
c. 
d. 
e. 

5.  List  the  equation  symbols  and  equations  for  ohm's  law. 
a      Equation  symbols 

1) 
2) 
3) 

b  Equation? 
H 
2) 
3) 

6  List  three  equations  for  obtaining  wattage, 
a 

« 

b. 

/ 

/ 

7  List  four  common  conversions  of  wattage, 
a 

b 
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c 
ci 

List  tlv  tfvei^  \\en):>  tfuri  nwke  a  cc)rnf)iete  electrical  ciiciut 

b 
c 

Matcfi  t?rnv3  to  the  correct  basic  electrical  symbols. 

 J    Single  oole  single  throw  (SPST)  • 

 h    Grounn  connection  ^ 

 ■  c  Cjoacitor 

2 

  cl  Push  nutton  (normally  open) 

  e  Sv^'itchts       ,onnect  3 

 _J  Pp^Tianent  spht  capacitor  motor  4 

g  Lif:ht 


5 

h  Contacts 

i     CoiiS  6 
j     Bimetdl  s\,  itch 

7. 

k    Temfi-^fdtiirp  swtch 

8 

J     Ooul^U^  \)ok   (ioubk^  throw  (DPOT) 

9 

Ml  Pms^i  button  (fiormaily  .cosed) 

fi    ThtTPv^i  overload  10 

0    Fusible  iif^k 

P    H' bibtof  Of  '"e:)istance  healer 
0    Si'U}le  phese  motor 

1 7 

S\n[\\r  pole  dcuble  tfirow  (3?DT) 

15 

./    (  ..Me-  lM,">  '^^^ 


KG  \( 
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aa. 


w.  Pressure  switches 
X.  Transformer 
y.  Multiple  conductor  cable 
2.  Conductors 
Fuse 


17. 

18. 

19 
20. 
21. 
22. 


23. 
24 
25. 
26 

27 


10.  Distinguish  between  a  series,  parallel  and  series-parallei  circuit  by  placing  an  "s" 
under  the  picture  of  a  series  circuit,  a  "p"  under  the  picture  of  a  parallel  circuit, 
and  an  "sp"  under  the  picttKr  of  a  series-parallel  circuit 


uwv — 


a. 


Trans 


Pri 


Sec 


Manual 

Reset 

Valve 
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11.      State  four  rule<^  for  series  circuits. 


12.  State  three  rules  for  a  parallel  circuix. 
a. 

b. 
c. 

13.  Match  the  c^mperage  loads  on  the  right  to  the  correct  wire  sizes. 

Wire  Size  Amperage  loads 
 a.  8  1.  40 

 i)    14  I  15 

 r    6  3.  70 

 cK  4  4.  55 

 e.   12  5  30 

 f    10  6.  20 

14        L.^  ^H'..,-  ite?ms  of  concern  when  working  with  solid  st^te  controls 


b 


c 
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15. 


Demonstrate  the  ability  to: 


a. 


Use  ohm's  law 


b.  Compute  wattage. 

c.  Select  the  parallel  loads. 

d.  Solder  electrical  wire. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test, 
ask  your  instructor  when  they  should  be  completed.) 
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/ 


a. 

4 

b 

8 

c. 

14 

d. 

2 

e. 

7 

f 

5 

g 

9 

a. 

AC 

b. 

DC 

c. 

AC 

FUNDAMENTALS  OF  ELECTRICITY 
UNIT  I 


ANSWERS  TO  TEST 

1.       a.     4  h.     6  0.  3 

I.      11  p.  19 

J.      10  q.  17 

k.     15  r  21 

I."     13  s.  18 

m.    12  t.  20 

n.     1  u.  16 

d.  DC 

e.  DC 

3        Ar.iy  ten  of  the  following. 

a      Silver  i.  Iron 

b.  Copper  j  Nickel 

c.  Gold  k.  Tin 

d.  Alumini-m  I  Steel 

e.  Tungsten  m.  Lead 

f.  Zinc  n  Mercury 

g.  Brass  c.  Nichrome 

h.  Platinum  p.  Air 

q.  Water 

4.        Any  five  of  the  following 

a      Glass  d.  Wood 

h      Rubber  e.  Ceramic 

c      Plastic  'f.  Mica 
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5.       a.     Equation  symbols 

1)  E      Potential  measured  m  volts 

2)  I      Current  flow  measured  in  amperes 

3)  R  ^  Resistance  measured  in  ohms 
b.  Equations 


1)        E  -  1  X  R 

2)        1  -  E/R 

3)        R  -  E/l  - 

6 

a 

P  -   E  X  1 

b 

P  -  |2  X  R 

c 

P  -  e2/R 

7 

a 

1,000  watts  -  1  kilowatt  (kw) 

b 

1,000,000  watts  -  1  megawatt 

r 

746  watts  -  1  ho-^sepower  (hp) 

(i 

1  watt  hour  =  3  413  b  t.u.'s 

8 

a 

Power  source 

b 

Connectinq  wiring 

■ 

c 

L'Md 

9 

16                  h  25 

0. 

5 

V.  23 

b. 

18                  1  7 

p- 

24 

w.  9 

12                 j  10 

q- 

1 

X  21 

d 

13                 k  15 

r 

8 

y  22 

r 

3                   i  20 

S. 

4 

z  6 

2/                   rn  26 

t 

2 

aa.  14 

"i 

i;                  i>  19 

U 

1 1 

10 

J 

s  p                         i)  s 
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11  3      The  current  is  the  same  throughout  the  circuit 

b      The  sum  of  the  voltage  drops  around  a  series  circuit  will  equal  tho  suppW 
voltage 

c      The  largest  volta'":?  drop  occurs  m  the  component  with  the  hiqhest  resistaf.- 
d      The  sum  of  the  resistances  of  the  components  equals  the  total  resistance 

12  a      Total  current  equals  the  sum  of  the  current  m  all  brai^.ches 

b.  Voltage  is  the  same  across  all  branches 

c.  Total  re  stance  is  always  less  than  the  smallest  branch  resistance 

13  d      1  d   '  3 
P.     2  e.  6 

c.  4  f.  5 

14  Any  three  of  the  following- 

a      Run  electronic  signal  wiring  tn  shielded  cable  or  metallic  conduit  to  avoid 
electrically  noisy  locations 

b      Voltage  surge 

c      Replaceable  modules  for  field  repair 

d.  Exposure  to  excessively  high  temperature  will  damage  solia  state  aevices 
1^,         Perfon^UinLe  skiMs  eva...oted  to  the  satisfaction  of  ifie  instructor 


78 


ACR  il  -  49- A 


ELECTRICAL  TEST  INSTRUME/NTS 
UNIT  II 


UN!^  OBJECTIVE 


/  After  comf)letion  of  this  unit,  the  stucient  should  be  able  to  match  terms  associated  with 
electrical  test  instruments  to  the  correct  definitions,  and  list  safety  rules  pertaining  to 
electrical^est  Kistruments  The  student  should  be  able  to  read  and  use  a  voltmeter,  ammeter, 
ohmrneter,  wattmeter,  and  use  a  herri.  nc  analyzer  and  capacitor  analyzer.  The  student 
should  also  be  able  to  test  a  capacitor  with  an  ohmmeter.  This  knowledge  wjll  be  evidenced 
through  demonstration  and  by  scoring  eighty-five  percenj  on  the  unit  test. 

SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to:  ^ 

1  Matct!   terms  associated  with  electrical  test  instruments  to  the  correct 
deftriitions. 

2  List  ten  safety  rules  pertaining  to  electrical  :est  instruments. 

3  List  gf^neral  rules  for  the  protection  of  electrico'  test  instruments. 

4  Identify  electrical  test  instruments. 

5  Match  the  meter  to  its  application. 

6  List  two  steps  for  reading  a  meter  scale. 

7  Discuss  three  circuit  conditions. 

8  Desc-ibe  the  procedure  for  zeroing  the  ohm-meter. 

9  Demonstrate  the  ability  to. 
a      Read  a  voltmeter  scale 


Read  an  ammeter  scale 
c      Read  an  ohmmeter  scale 


d  Determine  stdrt,  run,  and  common  of  a  single-phase  motor, 
e      Use  a  voltmeter 


f       [J^c  ail  olifnmetcr 


7D 


5aA  \ 


\  g  Use  a  wattmeter  -  - 

h  Usl'  an  jf7imetei 

I  Use  a  hermetic  analyzer 

J.  Use  a  capacitor  analyzer, 

k  Test  a  capacitor  AA/ith  an  ohrnmeter. 
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SUGGESTED  mCTIVITIES 

I.  Instructor 

A.  Provide  student  with  ob]ect^ve  oheet. 

B.  Provide  student  with  informaiion,  assignment,  and  job  sheets. 

C.  Make  transparencies. 

D     Discuss  unit  and  specific  objectives. 

E      Discuss  information  and  assignment  sheets. 

F.  Demonstrate  and  discuss  the  procedures  outlined  m  the  job  sheets. 

G.  Demonstrate  the  use  and  care  of  electrical  test  instruments. 

H.  Obtain  films  from  meter  manufacturers 
I      Construct  test  boards. 

J.     Give  each  student  a  copy  ot  the  manufacturer's  instrucxions  for  each 
electrical  test  instrument  in  the  shop 

K     Give  test. 

II.  Student 

A.  Read  objective  sheet.  ^  ' 

B.  Study  information  sheet. 

C.  Complete  assignment  and  job  sheets 

D.  Take  test 

INSTRUCTIONAL  MATERIALS 

I     Included  m  this  unit. 

A     Objective  sheet 

B      Information  sheet 

C      Transparency  masters 

'1         TM  1  Elef:trical  Test  Instruments 

2        T'' '  2- Electrical  Test  Instruments  (GontminxJ) 
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D',    Assignment  sheets  -  * 

1  Assignment  Sheet       -Read  a  Voltmeter  Scale 

2  Assignment  Sheet  ^2  -Reacl  an  Anvneter  Scale 

*  3.       Assignment  Sheet  ^3-  Read  an  Ohmmeter  Scale 

i 

4.        Assignment  Sheet  #4-Determine;  Start,  Run,  dnd  Common  of  a 
Single  Phase  Motor 

E      Answers  to  assignment  sheets 


F 

J'ob  sheets 

1 

-Job 

Sheet  '#1- 

Use  a  Voltmeter 

2. 

Job 

Sheet  #2- 

Use  ar  Ohmmeter 

3 

Job 

Shert  #3- 

Use  ^^^^^ttmeter 

4. 

Job 

Sheet 

-Use  an  Ammeter 

i 

Job 

Sheet  #5- 

■Use  u  IHerrh^ttc  Analyzer 

6 

Jub 

Sheet  #6- 

-Use  a  Cap^citor^  Analyzer 

7 

Job 

Sheet  i?7- 

-Test  a  Capacitor  With  'an 

\ 

G 

Test 

H. 

Answers 

to  tc 

?st 

r^eferences. 

A     Woockoof,  William  Walton   Servicing  Comfort  Cooling  Systems.  NHAW 
Home  Study  Institute,  Columbus,  Ohio,  1974 

B     Basic  Electriciy  for  Appliances    Indianapolis,  Indiana*  Howard  W  Sams 
and  Co  ,  1975 

f 


I 

\ 
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\'  FO^^^^^T!0\'  SHEET 

J^^'i'  Tq  jIujo  rv-etef  n»v'(jie  ov\^\    ero  on  rSj  oh^;  sc^i't 

B      R  .MOt-  Li^^^its  0^  3  particular  portion  of  a  nieie: 

E\?f^  pie  250  VAC  'vo'k  alternating  cu^^enr  Thi?  lanqe  A'ould  i)P  alt 

r.gnt  lo  use  for  -^nv  AC  volt.^ue  1  VAC  to  250  VAC  anythmq 
o\>er  that     ou  ■_'  dan-^age  Tl^-e  n>u^f 

C      C.-^i'i  '     ^  T(j  uOiLis:  J  'rviei  so  that  tl^p  ^-'ppdu'  ts  prop'^dv  ''i';,ned  to  the 
p^)P^"  set  f:)t  Mit  Of  tPH  lie 

Coni'fii  itv   CotTUi'^-'te  Tircuit  tn  vdvcf^  (^irren:  ^  '  o 

I   u*  V  oiKi'  ^    f  '.!in  pu^*.t^f  siir)o!v 

^      P'.\'i>\>  i'^>i'cittd  r'uj-.  o :  tr^M   I'^^Tfufvonds   '•\ais  ^f-^  h^^d  while 
nrH"^- 1'  !  a  ci'Lor 

L  )'  Kr^:  njf'ii  j'"iO'M.,(jf  'L  n  A  /  Ai  i[  f^»ai]t'  lI  ■  nu'd  -v^^er*  the 
o^'.    IS  not   "i'ru;ii;    ;tni  power  applied 

F'      (       ifv;iH,jqr         A  '  Tu'-ai  (.'J} '      a  il' -  if  dt't  vvOt^M*  .s-o'imm,, 

y  ;)dd^(* 

'  '  n  ^\     .r"""'        '-'Si^ta' 'C".'   Exto^pH'^  etid       i,-t'  v)hfn  drsiqnaler!  bv 

\         '  p.  ,,,'(  '  '  -tMr'oTe\l  beU/een  caorunof  ^M'^^f^p,  U/  fT^ininii/e 

■  1'  '  '^*.!.   ;/').t,>.    20,000  ofiin  2  •  aTt  (.^ifPor.  r^'^s">io 

«i    *,       '*  .  ,  '   \''n.'M  tv-  ' '-ii   test  !f)Stru(rie!^tt'. 

>     '\t\    ni^<n(. '  irdu  ,ti\ «'  SLirfdf.c^  v/i'-^n  te'-f"V|  h^'^'  Mfcn'^s 

^      >    '    ■  >  ,[ujn  (  herkinfj  a    irc  i.  t     'i  th  ^nr-.r-M^^jr 

;  '  f  ' 1  ^  '  ^f-'n  .'I   M)  lie!  '■^"sjlodf     '       f  i.'ni     rin^  'V)Miu<     i 'ilri  (imp 
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"^'Oit    Ct'T'  oiK.'  v'/itMif  *^^r  '.cici  on  dn:i  tfi-n  tcikr-  r^vM^tl^p'  lead  arvj  c  fir;, 
>  f:       Do  rot  io  rjijif.*-*^  oi  other     'Ourvjefi  rT.dlerial 

G      U'"  ti)^*  ;s 

>^      Of;  r,i  t  -'(rk  on  hvH  \w!ra;]r  (jtcu'TS  hy  /Cjurseit 
,       [)(>  I  ot    isMi'TV^  that  thp  nowpr  is 

J  Di.f.ha"!*'  ijc^f'*  »fs  vvUf.  Mreci  ^esistor  nefor'e  removmij  or  testmr^ 
!l       J,  : 'J  ,i  r-i'.^-.  ^^)t   fh^^  ; o  l^'Ct!  f      oi  elecit.cal  test  iribtrurnf^nts 

; ; ,  '  . ,    '  ,    r  j  [)>iri  rj^:' 


n!'.   i  T  r,         f»        si    in  '  V) 
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information:  shlET 

r       Henn^-.ti';  ona!vz*-^f 
G     Cap.jcitor  jndlyzcf 
V     '\''oter  apphCcUion 

1  Medsuies  line  voltage 

2  ^'^Jasuros  voltage  cirof)  at  the  loaci 

3  Measures  tov^^  voitage 

4  Indicates  op3n  components 

(NOTE  A  switch  or  other  nonload  circuit  component  v\''t  o"  e 
a  voltage  reading  across  it  if  it  is  open  ) 

B  Ohmmeter 

(CAUTION  Be  surp  ail  pov^er  is  off  before  checking  an  electrical  circuit 
v.Mth  an  ohmneter  ) 

1  Che    ^  for  a  p.  th  for  current  flow  (continuity) 

2  Checks  for  resistance  to  current  flow 

3  Determines  motor  r^/mdings 

4  Checks  for  shorts  and  grounds 

5  Checks  capacitors 

(CAUTION.  Be  sure  that  the  charge  is  bleci  of  a  capac.^Of 
wiiri  d  bleed  resistor  before  checking  it  vyitn  an  ohmmeter  ! 

C  hiltimeter 

1  AC  voumet^-'i 

2  DC  voltfr-^er 

3  01  nimetrr 
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Vl! 


1  if^'*.'  Ittv  nitaqe^ 

L      A^-'  to' 

»         C'lt-'cks  Star hn J  jnipei  age 

J  Ctieckb  Uk  kec!  i  otu.  dnipei'dqe 

F       f-i<  r i^'t.c  jnji  V/rtT 

1  Cf'^ck*^  cofMi-resscM   for  grounds 

r  ^M^'i  ks  (/o'Ti[ >ff-s-50(  for  ()i)en  w  lincjs 

'  :v  Ir,  L'bt^O  t(j  stjrt  d  iocked  rotor  compressor 

^  d'-/\  'I'l'S  d     w!»pi  essor- 

-      "^i  r 

i;*'!"      "         ^  C'^ipantors 
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Electrical  Test  Instruments 

(Continued) 
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Electrical  tlst  instruments 

UNIT  II 


ASSIGNMENT  SHEET  ^1-READ  A  VOLTMETER  SCALE 


Read  the  voltages  on  the  m^ter  in  Figure  1.  This  voltmeter  will  read  fiom  left  to  right 
on  the  scale   The  scale  to  use  is  determined  by  the  position  of  the  function  svyitch 


FIGURE  1 


^00       w  iscj 


^-4 


Voltmeter 


Function  Switch 


Example         With  the  functior^  switch  at  250v,  the  needle  on  the  meter  is 
indicatmg  235\r 

1  Fuiction  switch  m  the  250v  position.  Needle  is  pointmg  to  "B"  on  the  scale. 

^  • 

2  Fuririion  sv\/itch  in  the  50v  position.  Needle  is  pointing  to  "B"  on  the  scale. 

3  Function  switch  in  the  1000v  position. 

(NOTE    Use  the  0-10  scale  when  in  the  1000v  position.) 

Nr^ille  IS  pointinq  to  "E"  on  the  ^cale. 
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ASSIGNMENT  SHEET 

4  F.jnctu)r^  s   '^ch  in  the  250v  {position   ,^>ieedle  is  pointing  to  "A"  on  the  scale 

5  FunctiofT  s^.'itch  IP  the  250v  f)osit-on   Needle  is  pointing  to  "C"  on  the  scale. 

6  Function  switch  m  the  lOOOv  position  Needle  is  pointing  to  "F"  on  the  scale. 
7,  Functior)  su'itch  in  the  5Cv  position  -Needle  is  pointing  to  "F"  on  the  scale. 
S  Function  sv  itch  in  tlie  250v  posit'on  Needle  is  pointing  to  "D"  on  the  scale 
9  Function  sv  ach  in  the  250v  position   Needle  is  pointing  to  "F"  on  the  scale 

10  PuiTtion      Itch 'in  llip  SOv  position    Needle  is  pointing  to  "D"  on  the  scale 
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ELECTRICAL  TEST  INSTRUMENTS 
UNIT  II 


ASSIGNMENT  SHEET  #2-  READ  AN  AMMETER  SCALE 


l^ead  the  amperages  on  the  scales  below  The  ammeter  shown  has  a  rotary  scale  with 
five  amperage  scales  on  it. 


Jaws 


Ti^igger 


Conductor 


Scale 


P 


(  Pointer 


!  lb  

12  — 

1 

0  - 

2. 

INOTfi 
a  lower 


\  set 


40  ^ 

30 
?0 

10 

0 


Alway:^  set  the  ammt  te^  on  its  highest  scale  and  then  com^e  down  to 
scale  fbr  a  more  accurate  reacting.) 
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ELECTRICAL  TEST  INSTRUMENTS 
UNIT  II 


ASSIGNMENT  SHEET  -3  READ  AN  OHMMETER  SCALE 


yj  the  tpsistances  on  the  ohrnn;eter  scale  below  This  ohmmetei  scale  reads  from  right 


left 


R  X  1 
R  X  100 
R  X  10,000 


Function  Swtch 


(NOT'^  The  letters  on  the  scale  are  there  for  the  purpose  of  workinq  this  exercise 
anri  the"  do  not  appear  on  actual  ohmrneters,) 


ExaMpie         With  the  function  switch  at  R  x  10,000  and  the  n-^edlf*  oointinrj 
at  2  on  the  scale 

'iaooo 

X  2 


^  •  ans  20,000  ohms 

1         Function  switch  n  the  R  x  1  p/)Sition  Needle  is  pjintinq  to  "B"  on  tpo  scc: 


Furict!0n  sw^^ch  in  the  P  x  10,000  sosition  Mnedlc  is  i  'jir-tinfj  tu  '  ()f>  tfie 
scale    *  * 


'iris 
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ASSIGNMENT  SHEET  ^3 


3. 

Function 

switch 

in 

the 

R  X 

100  position.  Needle  is  pointing  to  "C"  on  the 

scale. 

ans. 

4. 

Function 

switch 

in 

the 

R  X 

10,000  position.  Needle  is  pointing  to  "A"  on  the 

scale 

- 

ans 

5, 

Function 

sw  tch 

in 

the 

R  X 

1  position.  Needle  is  pointing  to  "E"  on  the  scale. 

ans. 

6. 

Function 

switch 

in 

the 

R  X 

100  position.  Needle  is  pointing  to  "B"  on  the 

scale. 

ans. 

7 

Function 

switch 

m 

the 

R  X 

1  position.  Needle  is  pointing  to  "A"  on  the  scale. 

ans 

8. 

Function 

switch 

in 

the 

R  X 

1  position.  Needle  is  pointing  to  "D"  on  the  scale. 

ans. 

9 

Function 

switch 

m 

the 

R  X 

100  position.  Needle  is  pointing  to  "E"  on  the 

scale. 

ans. 

10 

Furiction 

switch 

in 

the 

R  X 

10,Q00  position.  Needle  is  pointing  to  "C"  on  the 

scale 

ans 

'  1 
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ELECTRICAL  TEST  INSTRUMENTS 
UNIT  II  ^ 


ASSIGNMENT  SHEET  #4-DETERMINE  START,  RUN,  AND  COMMON 
OF  A  SINGLE  -  PHASE  MOTOR 


Hermetic  compressors  have  three  term-nals  that  are  connected  to  the  internal  motor 
windings.  By  taking  the  three  foUovMng  resistance  readii^gs,  it  can  be  determ'ined  which 
terminals  are  stort,  run,  and  common. 

-1.        Highest  reading  !s  start  and  run  terminals. 

2.        Next  to  highest  is  start  and  common  terminals. 

3        Lowest  IS  common  and  run  terminals.. 

4 

Example:        Terminal  a  is  run 

Terminal  b  is  common 
Terminal  c  is  start 


6  n 


9  r\ 


Do  the  following  problems 
1. 

2  rt 


8  n 


10  -fl 


b. 


c. 


ERIC 
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ELECTRICAL  TEST  INSTRUMENTS 
UNIT  II 


ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  #1 


1.  '• 

125  volts 

2. 

25  volts 

3. 

240  volts 

4. 

25  volts 

5. 

0  volts 

6. 

440  volts 

7. 

22  volts 

8. 

225  volts 

9. 

110  volts 

10. 

45  volts 

Assignment  Sheet  #2 
1        3  amps 

2.  11  amps 

3.  30  amps 

4  40  amps 

5  150  amps 
As^iiqnment  Sheet  #3 

1  3  ohms 

2  130,000  ohms 

3.  70C  ohms 

4.  10,000  ohms 
5        13  ohms 
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-  6.       300  ohms 

7.  1  ohm 

8.  10  ohms 

>    9.       1,300  ohms 

10.       70,000  ohms 
Assignment  Sheet  #4 

1.  a.  Common 

b.  Run 

c.  Start 

2.  a.  Start 

b.  Run 

c.  Common 

3.  a.  Common 

b.  Start 

c.  Run 

4.  a.  Start 

b.  Common 

c.  Run 

5.  a.  Run 

b.  Common 

c.  Start 

6.  a.  Common 

b.  Run 

c.  Start 

7.  a.  Run 

.b.  Common 
c.  Start 
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a.  Run 

b.  Common 

c.  Start 

a.  Common 

b.  Run 
c  Start 

a.  Start 

b.  Run 

c  Common 
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ELECTRICAL  TEST  INSTRUMENTS 
UNIT  II 


JOB  SHEET  =1  USE.<'A  VOLTMETER       •  ■ 

I      Tools  and  materidis 

A     VoUmetor  ^ 

B      Safety  c^lasses 

C      120  VAC  wall  outlet 

D     240  VAC  wall  outlet 

E      240  VAC  1  phase  disconnect 

F      Three  phase  disconnect 

(KOTE  Ail  of  these  materials  ^^hould  be  connected  to  the  pro[)er  voltaqe  ) 
1!  ,P!.3CPdure 

A     Put  on  safety  glasses 
B      Select  lnyhest  AC  scale 

C      Check  across  a  120  VAC  wail  outlet  (Figure  1) 


FIGURE  1  r 


r 


rr 


o 
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JOB  SHEET 


D  Seleci  ri'eter  _scale  ihdt  ^v'lll  allow  for  the  most  accurate  reading 
E      Check,  from  each  side  to  ground  (Figure  2) 


FIGURE  2 


Oi 


F.  Switch  to  highest  AC  scale 

G.  Check  across  a  240  \'AC  wall  outlet  (Figure  3) 


FIGURE  3  ' 


4 


H.     Select  meter  scale  that  *'.iil  a.,  "v  for  the  most  acci^ate  reading 
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Ciieck  ffoni  tMcf)  suje  io  qfound  (Fkji  ro  4)  ' 


FIGURE  4 


 i 


J      Sv^'itch  to  highest  y\C  scaie 
K     Check  tine  side  of  disconnect 

L    ,  Select  meter  scale  that  will  allow  for  the  most  accurate  reaclfrui 
\'     Check  load  side  of  disconnect  (Figure  5) 
FIGURE  5  ^^"^"^-^r-^ 


N      Repeat  ste[)S  J  through  M  .anr)  check  a  three  phase  d'sconn^rt 
0      Have  instructor  observe  your  work 
P      Put  away  voUnieter 
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JOB  SHEET  -2  USE  AN  OHMMETEH 

T90IS  and  matefials 
A  OhmmeiOf 
B     Safety  glasses 

C      Bleed  reGistor  -2  vA/att  20K  onm 

D     Hermetic  .compressor,  single-phase 

» 

E.     Plug  tv^    fuse  • 

F    .  Cartridge  wpe  fuse 

Procedure 

A     Put  on  safety  glasses 
B-     Select  highest- ohm  scale 

C.  Zero  meter 

D.  Touch  m'^ter  probes  to  resistor  leads  (Figure  1) 
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E.  Read  the  resistance  on  the  ohmmeter  scale 

F.  Select  R  x  locate 
3.     Rezero  meter 

H.  •  Touch  meter  leads  to  two  compressor  term^ 


4 


I  Record  resistance  reading 

J,  Move  one  probe  to  remaining  terminal 

K,  Record  res'istance  reading 

L  Take  the  third  resistance  reading 

'M.  Record  the  third  resistance  reading 

N.  Identify  the  start,  runv  and  common  terminals 

0  HSive  the  instructor  check  your  work- 

P.  Check  a  plug  type  fuse 

0.  Touch  one  ohmmeter  probe  to^  outer  metallic  portion 

< 
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JOB  SHEET  =2 

h      Toiich  till'  onrnnfit:t»-M  pfol)^^  to  tiir  buttofi  on  the  Imttoni  (Fi()ure  3^ 
(\'OTL    NevtM  chuck  a  fiisp  *vitfi  an  oiifiinietPr  in  a  ronifjlnt^j  cifcutt)'' 


FIGURE  3 


4? 


S      If  The  needle  swmqs  to  zero  the  fuse  is  good 

T      |f  the  need'e  stays  at  infinity  the  fuse  is  not  good 

U  '  Touch  tlie  ohmmeter  leads  to  each  end  of  a  cartridge  type  fuse 

(NOTF  A  good  orbad  cartridge  fuse  will  be  indicated  in  tlie  same  rnannei 
a?'  ttie  f)lu*^  ^use  was  ) 

V      Have  mstructor  check  your  work 

VV  Turn  ohmmeter  To  the  "off"  position  or  to  the  highest  AC  voltage  range 
X      Put  away  tools  and  materials 
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ELECTRICAL  TES'^  INSTRUMENTS 
UNIT  II 

JOB  SHEET  #3-  USE  A  WATTMETER 

I      Fuois  and  materials 

A  Wattmeter 

B  Safety  glasses 

C  Power  consuming  device 
M  Pfocedure 

A  Put  on  safety  glasses  - 

B  Read  instructions'  supplied  with  wattmeter  if  available 

C  Select  the  proper  voltage 

D  Connect  the  wattmeter  to  line  voltage 

E  SftJect  the  highest  wattage  scale 

P  Connect  current  consuming  device  to  wattmeter 

G  Have  instructor  check 

H  Start  the  current  consuming  device 

I       Recotd  starting  wattage 

J  Allow  unit  to  run  a  few  minutes  while  the  wattage  levels  out 

K  Select  u'dttage  scale  that  will  allow  for  the  easiest  reading 
L      Record  running  wattage 

\]  Obtdin  full  load  amp^-irage  froni  units  name  plate 

\      Dividp  The  voltage  into  the  wattage  to  obtain  the  FLA 

iKOJE  Remember  watts  law  is  primarily  ror  DC  oovver,  but  for  our 
[Kirposes  the  power  factor  'S  generally  close  enough  one  that  it  can  be 
usi  d  for  AC  power.) 

ij      Us^^  dn  arvmetcr  to  check  your  answer 

JTE    Tne  use/  of  the  ammeter  is  covered  m  Jot)  Sh^^ut  tli'S  imt  ) 

fij\>^  instructoi  check 

ci'v'viv  t^^'ter   and  n^dt(Mid!s 
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ELECTRICAL  TEST  INSTRUMENTS 
UNIT  II 

JOB  SHEET  ^4  USE  AN  AMMETE'R 

Tools  and  materials 

A     Clam[>  Of)  ammeter 

B      Safety  glasses 

C      Refriqeration  system 

Procedure  ' 

A     Put  on  safety  glasses 

B     Select  highest  amperage  scale 

C     Clamp  ammeter  around  one  conductor  of  the  line  cord  (Figure  1) 

(NOTE-  Placing  the  ammeter  around  two  conductors  of  single-phase  power  will 
cancel  out  the  amperage  readmg.) 

FIGURE  1 

N 


D  Start  refrigeration  system 
E      Record  starting  amperage 

(NOTE    Starting  amperage  will  only  last  an  instant  ) 
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JOB  SHEET  ^^4 

F  Allow  the  system  to  run 

G  Record  running  amperage 

H.  Check  F  L.A  on  name  plate 

I  Compare  the  name  plate  amperage  to  th|^  animeter  reading 

J  Have  instructor  check 

K.  Put  away  meter  and  materials 
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ELfcCTRlCAL  FFSf  INSTRUMTNTS 
UNIT  II 

JOB  SHEET  ^^5  USb  A  HERMFTIC  ANALYZER 

I     Tools  and  mciteiuls 
A     H.nfiieiic  dfidly/er 
B      Sdfcty  (jidsses 

C      RL^fnqeration  system  witfi  d  hormt^tic  com()rf.^ssor 

}l  Pfocediiie 

A     Put  on  sjfety  glasses 

B      Check  to  be  sure  f)Ovvtr  is  off 

C      Rennove  ^-''ires  from  compressor  terminals 

D     Determme  common,  start  and  run  tern^mals 

E      Read  instructions  on  the  use  of  the  hermetic  analyzer  ,  . 

^      Connect  analyzer  to  compressor  terminals 

G      Have  instructor  check 

H     Start  and  run  compressor  with  analyzer 
s 

(NOTE  Do  noi  run  the  system  for  a  long  lenqth  of  time  ivtthout  the 
condenser  and  evaf;Orator  fans  running  also.) 

{       Check  running  amperage 


J 


Turn  system  u 


ff 


K 


Disconnect  analyzer  from  sy stein 


R^'ijiac 


;K^^s  to  co'VfjressQf  tefminais 


/  d    d>   dTidiyvef   and  re^  Kjf»r  ati(.;fi  svstt*m 
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LLCCTRICAL  "I  (  S  I  INSTRUMENTS 
UNIT  II 


JOB  SfU>[         USE  A  CAPACITOR  ANALYZER 
look  .Mid  fnattMicils 

B      CtiptUMlor  cMUilvzer 

C      Bk'pfi  lesisior  ^ 
D      Run  cjpjcilurs 


B      DiS(^fKiryt'  rapccitor  with  bleed  resistor  {Figure  1) 

(NOTE  A  I'leed  resisior  should  be  used  to  discharge  capacitors  Some 
CLipdCitors  are  inteinally  fused  nnd  shorfng  them  with  a  screwdrive''  would 
rum  them  ) 


Pi  (XH'cku  I 


A 


Pui  on  s.ife^ty  gltn:ses 


FIGURE  1 


J.15 
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JOB  SHEET  #6 


C.  Read  instructions  on  the  use  of  the  analy/er 

(CAUTION  A  shield  should  be  pureed  between  the  capacitor  and  the 
individual  doing  the  testing  in  case  of  a  f)0ssttjie  explo'-,ion  ) 

D.  Check  capacitor  for  opens 

E.  Check  capacitor  for  grounds 

F.  Check  microfarad  capacity  of  capacitor 

G.  Check  several  different  capacitors 

(NOTE  If  a  Copacitor  has  a  bleed  resistor  connected  to  its  terminals  one 
side  will  have  to  be  disconnected  m  order  to  properly  check  the  capacitor  ) 

H     Record  the  condition  of  each  capacitor 

I.      Have  instructor  observe  the  capacitor  checking  procedure 

J.     Put  away  capacitor  analyzer  and  capacitors 
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ELtClRICAL  T(-Sr  INSTRUMTNIS 
UNIT  II 


JOB  SfU:rT         TFST  A  CAPACITOR  WITH  AN  Of-IM^n  HR 
T;K)is  <nul  rnjtt^ruils 

A     Safely  c^lasses  ^ 
B      OhmmettT  with  an  Rx10K  scale  or  al)ov^^ 

C.  Bleed  resistoi 

D.  Run  capacitors 
E      Start  xapacilors 
Procedure 

A     Pitt  on  safety  glasses 

B      Discharge  capacitor  with  bleed  resistor 

(NOTE  Capacitors  must  be  discharged  befoie  they  c.in  be  checked  with 
an  (  hmmei^er  to. prevent  damage  to  the  meter.) 

C      Touch  meter  leads  to  capacitor  teiminals 

(NOTE  If  the  capacitor  has  a  permanent  bleed  lesistor  coniK^cted  to  the 
terminals  one  side  of  it  must  be  disconnected  ) 

D     Wjtch   for   ont^  of   the  following  indications  o\  tlie  condition  c^f  the 

i\\\)iK  do; 

1  '"H)od  Needle  will  swin.|  tovv<irds  zero  and  thpn  siovvlyu^turn  to 
infinity 

2  Shorted  Needle  will  swing  toward  zero  anci  nMiiam  tlieie 

3  Open  Needle  will  stay  at  infinity 

A         Leaky- Needle  will  swing  towards  zero  and  then  teluin  to  a 
'  finite  resistancr^  anc]  r,tay  there 

5  Grounded  run  capacitor  Touch  one  metpr  lead  to  <in  nnpainloff 
spot  on  the  met<!l  can  and  the  other  lej(]  to  fM(  h  tetminal,  <iny 
neecile  movf^mcmt  indicates  a  def(M*tive  (Mf)aeilor 

E  M<ik(^  a  se(.on(]  rhtM'k  by  reversing  the  loads  <d  the  (Mpaeitoi  teiniinals 

E  Wiiti^  (lown  \hv  condition  of  {\M'h  ca()<intor 

(i  HiWi'  the  instMH  U){  nbserv(^  your  work 

fj  l^ut  aWriy  nxMei  and  inat*^nals 


ERLC 


117 


ACR  II  ■  95-A 


• 


ELECTRICAL  TEST  INSTRUMENTS  ' 
UNIT  II 


NAME 

TEST 


1.       Matcfi  the  terms  on  the  right  to  the  correct  definitions. 


a. 

Main  power  supply 

1 . 

Cull  Iry'^A 

rUM  loaa 
amperage 

b. 

To  align  meter  needle  over  zero  on  the 
ohm  scale 

2. 

/CI    A  \ 

Line  voltage 

c. 

Limits  of  a  particular  portion  of  a  meter 

3. 

Zero 

Q. 

insuiaTea  enas  on  a  lesi  insirumenis 

loarlc    that    aro    holrl    whilp    Phprkinn  ~Si 

4 

Panne 

1  1  Ml  1 

circuit 

5. 

Probes 

e. 

To  adjust  a  meter  so  that  the  needle  is 

properly  aligned  to  the  proper  set  point 

6. 

Calibrate 

on  the  scale 

7. 

Locked 

Complete  circuit  in  which  current  can 
flow 

rotor 

amperage 

(LR.A.) 

g. 

Total  current  a  device  draws  when  it  is 

running  fully  loaded 

8. 

Infinity 

(infinite 

h. 
i. 

Extreme    end    of    the    ohm  scale; 
designated  byQO 

A(nperage  a  motor  would  draw  when  the 

9. 

resistance) 
Continuity 

rotor  is  not  turning  with  power  applied 

10. 

Bleed  resistor 

j.  Resistor  connected  between  capacitor 
terminals  to  minimize  arcing  of  the  relay 
points;  20,000  ohm  2  watt  carbon 
resistor 


List  ten^  safety  rules  pertaining  to  electrical  test  instruments. 

a. 

b. 

c. 

d. 
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Match  the  meters  on  the  right  to  the  correct  aoplic^itions 


d  Measures  line  voliag^%  nieosur^s  voitage 
drop  at  the  load,  measures  low  voltage; 
indicates  open  components 

[)  AC  voltmeter,  DC  voltmeter,  ohmmeter, 
mifhammeter 

c  Indicates  line  voltage,  indicates  startmg 
watts,  indicates  running  watts 

d  Measures  capacitance  value,  measures 
power  factor,  indicates  open  capacitors, 
indicates  shorted  canacitors,  ir^^iicates 
leaky  capacitors 

p  Checks  for  a  path  for  current  flow, 
checks  tor  resistance  to  current^  flow, 
determines  motor  wmdmcjs,  checks  for 
sho'^ts  and  grounds,  checks  capacitois 

Ciu;cks  compressor  for  grounds,  checks 
compressor  for  open  windings,  may  be 
used  to  start  a  locked  rotor  compressor, 
starts  and  runs  a  compressor 

{)  Checks  stcirtinq  amperaqf,*,  checks 
funnin(j  dmperage,  checks  lockefj  rotor 
dni()erage 


Ohmni^'tcT 

2 

Capacitor 

analyze.'' 

O 

Voitrneter 

4 

Wattmetf ! 

5 

Multimete 

6.  ' 

Hermetic 

analyzer 

7  ' 

Ammeter 

/ 


List  tvn  sf^'ps  for  r»,>drl!on  a  n>ettrr  scviui 

a. 

1) 
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7.       Discuss  three  circuit  conditions, 
a.     Open  circmt 


ACR  II  -  99-A 


b.     Short  circuit 


c.     Grounded  circuit 


8.       De'scribe  the  procedure  for  zeroing  the  ohmmeter. 
a.  '  . 

b. 
c. 


loaA 


9.  ^    Demons. rate  the  ability  to: 
a.     Read  a  voltmeter  scale 
»      /  b.'    Read  an  ammeter  scale.  * 

c.  Read  an  ohmmeter  scale.  / 

d.  Determine  start,     n,  and  common  of  a  single-phase  motor. 

e.  U^e  a  voltmeter. 

f      Use  an  ohmmeter. 

Use  a  .wattmeter, 
h.     Use  an  ammeter. 
I.      Use  a  hermetic  analyzer. 
J      Use  a  capacitor  analyzer, 
k.     Test  a  capacitor  with  an  ohmmeter. 

(NOTE.  If  the  above  activities  have -not  been  accomplished  prior  to  the  test, 
ask  your  instructor  when  they  should  be'  completed.) 
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ELECTRICAL  TEST  INSTRUMENTS 
UNIT  II 


ANSWERS  TO  TEST 


a.  2  f.  9 

b.  3  g.  1 


c. 


4  h-  8 


d.  5  I.  7 

e.  6    '  j-  10 

2.  a.  Stand  on  dr"   nonconductive  surfaces  when  testing  live  circuits 

b.  Bef  sure  the  power  is  off  when  checking  a  circuit  with  an  ohmmeter 

c.  Do  not  use^  meter  leads  with  defective  probes 

d.  Do  not  have  both  hands  in  a  high  voltage  cabinet 

e.  Do  not  touch  nnetal  cabinet  or  other  grounded  material 

f.  Wear  eye  protection 

g.  Use  fuse  pullers 

h.  Do  r>ot  work  on  live  voltage  ci'*cuits  by  yourself 
1.  Do  not  assume  that  the  power  is  off 

J.  Discharge  capacitors  with  a  'bleed  resistor  before  removing  or  testing 

3.  Any  five  of  the  following: 

a.  Keep  stored  ip  proper  cases 

b.  Avoid  bumping  or  jolting 

c.  Use  only  for  intended  purpose 

d.  Use  within  meter  range  limits 

e.  Avoid  exposure  to  extreme  temperatures 

f.  Keep  clean 

g.  Keep  dry 

h.  Set  meter  in  highest  range  prior  to  taking  reading 


124 


a.  Ammeter 

b.  Multimeter 

c.  Wattmeter 

d.  Hernrietic  analyzer 

e.  Ohmmeter 

f.  Capacitor  analyzer 

g.  Voltmeter  ^ 

a.  3 

b.  '5  '  "  . 

c.  4 

d.  2  ' 

e.  1 

f.  6  -  ' 
9-  7 

a.  Read  meter  m  the  center  two  thirds  of  the  scale  for  greater  accuracy 

b.  Count  the  number  of  graduations  between  the  major  divisions 
Discussion  should  include. 

a     .Open  circuit 

1)  Most  frequent  circuit  problem 

2)  No  path  for  current  Tlow 

3)  Caused  by 


a) 


Pitted  contacts 


b) 


Defective  relay  coil 


c) 


Broken  wire 


d) 


Blown  fuse 


Trippf?d  circuit  breaker 


4) 


f)     Open  switch 

Voltmeter  will  indicate  voltage  across  an  open 
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b      Short  circuit 

1)  Secorid  most  frequent  circuit  problem 

2)  Electrical  circuit  that  h=>s  a  lower  resistanre  fn^in  t  u-j-idc-d 

3)  In  :lications  ( 

a)  Blown  fuses 

b)  Tripped  circuit  breakers 

c)  Melted  wires 

d)  Swollen  run  capacitor  cans 

e)  Blackened  terminals 

f)  Burnt  case 
c      Grounded  circuit 

1 )        A  high  resistance  path  that  current  may  lake  to  a  curr^rTmn  ground 
2/       Pv^cjy  not  cause  a  blown  fuse  or  tripped  circuit  b^-eaker 
3;        .A/jay  he  determined  with  an  ohmmeter 

d)     Check  frojn  lead  or  terminal  to  a  common  i\  -i  • 
b)     Meter  will  indicate  a  medium  to  high  rpc^stdn:;^  *,:.d'ni; 
Select  range 
b      Hold  IP3ds  together 

Crieck  to  see  that  the  needle  moves  to  tfir?  extreme  nuhi 
c      A\\iV)  the  needle  directly  ovef  "0"  or,  the  ohrT«  scalp 
L      Z^'fo  ohmn.eter  each  tm^e  before  using  or  whpn  chan-sit:.!]  ^jr^ 
^'^;f  :r>rinjMce  skills  evaluated  to  the  satisfaction  of        inst'.n,:?  - 


i2f; 


ACR  II  -  105-A 

ELECTRIC  POWER 
UNIT  III 

UNIT  OBJECTIVE  _ 

Aftc  coniplolion  of  this  unit  the  student  should  be  able  to  match  terms,  arrange  in 
order  the  steps  for  distributing  power,  o^istinguish  bptween  single-phase  and  three-ohase 
current  characteristics  and  select  functions  of  a  transformer.  The  student  should  also  be 
able  to  list  three  ways  of  providing  ground  protection,  discuss  the  types  of  three-ohase 
supply  and  read  an  elect:  c  watt-hour  meter.  This  knowledge  will  be  evidenced  through 
demonstraiion  and  by  scoring  eighty-five  percent  on  the  unit  test. 

V  SPECIFIC  OBJECTIVES 

Aftor  completion  of  this  unit,  the  student  should  be  able  to. 

1  ^  Match  terms  associated  with  electric  power  to  the  t:orrec\  definitions. 

2  Arrange  in  order  the  steps  for  distributing  electric  power. 

3.        Distinguish  between  single-phase  and  three-phase  current  characteristics. 
4        List  three  metl.ods  of  grounding  an  electrical  circuit, 
b        3eiect  the  functions  of  transformers 
6        Discuss  the  types  of  three-f)hase  supp'y. 

L'St  Six  major  causes  and  three  effects  of  low  line  vpltage. 
R        Defr.(>nstrjte  the  dl)ility  to  read  an  electric  watt-hour  meter. 

f 
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ACR  II  .  107-A^ 

ELECTRIC  POWER 
UNIT  III 

SUGGESTED  ACTIVITIES 

Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  infornnation  and  assignment  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  informa'Jon  and  assignment  sheets, 

F.  Invite  a  power  company  representaive  to  talk  to  the  class. 

G.  Reemphasize  electrical  safety  rules  covered  in  Units  I  and  II. 

H.  Arrange  a  field  trip  to  a  power  plant. 

I.  Give  test. 
Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet.  . 

C.  Complete  assignment  sheet. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1        TM  1 --Power  Distribution 

2.       TM  2--Grounding 

3        TM  3-Three  Wire  Delta 


128 


4.  TM  4-Four  Wire  Delta 

5.  TM  5--Four  Wire  Wye 

D.  Assignment  Sheet  #1'-Read  An  Electric  yVatt-Hour  Meter 

E.  Answers  to  assignment  sheet 

F.  Test  ' 

G.  Answers  to  test 

Reference -Woodroof,  William  Walton.  Servicing  Comfort  Cooling  Systems. 
Columbus,  Ohio:  NHAW  Home  Study  Institute,  1974. 
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ELECTRIC  POWER 
UNIT  I'l 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Smgle-phase  -Alternatinq  current  circuit  with  only  two  current  carrvihg  ^ 
conductors 

B.  Three-phase- Alternating    current    circuit    with    three   current  carrying 
conductors 

C.  "Hot"  conductor-  Current  carrying  conductor  in  a  circuit,  should  be  any 
color  other  than  white,  green,  or  natural  grey  . 

D.  Grounded  conductor  -Sy^tenn  or  circuit  conductor  which  is  intentionally 
grounded,  colored  green  or  bare  wire 

E.  Neutral-Term  used  to  designate  a  conductor  connected  to  the  center  tap 
of  the  transformc?r 

(NOTE  The  neutral  conductor  is  a  current  carrying  conductor  and  should 
not  be  confused  with  the  equipment  ground,  even  though  they  will 
terminate  at  the  same  block.) 

F     Step-up  transformer-Tranforrner  which  increases  the  secondary  voltage 

G     Step-down  transformer-  Transformer  which  decreases  the  secondary  voltage 

H.  Electric  watt-hour  meter-Meter  consisting  of  four  clock-type  dials  which 
indicates  the  nunnber  of  kilowatt  hours  used  in  a  given  amount  of  time 

I.  Primary  vpltage-Voltage  supfTRed  to  the  input  or  primary  winding  of  a 
transformer 

J.      Leg -Term  used  to    asiqnate  one  conducto*-  of  a  power  supply 

K.    Secondary  voltage-Output  voltag3',  or  the  voltage  that  is  supplied  from  the 
secondary  side  of  the  transformer 

L      Equipment  ground-Conductor  connected  to  equipment  case  and  to  an 
intentional  ground,  colored  green  or  bare  wire 

M     Power  distribui.ton  (Transparency  1) 

A.     Powei  gener?^t!nn  plant 

B      Step  up  transformers 
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FOR ^  !A  ^  U).\  bHFF.T 

G     Sfr^'t^  "I'ivii.Ji   i\)f^..'       s'tTj'i  business 
h     C    11.*  t>0' 

!!'      Sifiqir  j'^"  -'M^L  i-'.n           f^t  c'wdC^PMStics  * 

^  o  CLH'tMi^  c.!??V"l  COfHiuctors 

2  r,f"\ivi",  iis^^i  ■      f rs;nfMn':f''S  and  sma!'  com^''!^^T!ai  dpuhcvitJui^s 

3  Sevr-pt  volVT^s  ^on^  12  volt  to  24"^  volt 
d  C/iM  o^"^  u.I-c^'^  No-i  d  t^iM-^^M^tuise  SLif)ply 

5  '^Iprors      o-.^-nt! .  rffiLi"^'"'  stjrtinq  components 

1  Gcrifjil,  f,n;^mu'*f 'Hi  cind  inriustriji  insta' latfons 

2  \'  r.fui:  Co  iv.ifMlinns  voUaqf^s 

1  (\  .  '.J'  l:s.-(!   t,)   .upi)' htf-^'jlf  ')ha<;r  [\^>Wf'r 

5  ■     n  o^.''  st.jrtn.'j  caf)fiCiiOfs 

IV      Mrr-io?!'-*  ')!  k/oundn^q  an  e'>o  tr(  ,i'  '-irtji't  { Tmnspat (-ncy  ?) 

(NOIF     ^'  •  ..J  •   tn.it  tivj  v  Lt*J  '  f)i[^"  fine's  iH}t  connect  ''into  ap!<isti(  '\n 
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ACR  II  ■  111-A 


INFORMATION  SHEET 


V.  Functions  of  transforn^ers 
A.    Step  Up 

1.  Increases  voltagfe 

2.  Decreases  current 

(NOTE:  By  increasing  the  voltage  which  m  turn  will  decrease  the 
current,  electrigity /is  easily  transmitted  over  long  distances  with 
relatively  small  transmi*:;sion  cable.) 

B  Step-Down 

1.  Steps  down  transmission  power  line  voltage 

2,  Increases  current 

Example:  A  modern  total  electric  home  would  require 
30,000  watts  Assume  a  primary  voltage  of  600 
volis  and  a  secondary  voltage  240  volts 

30,000  -  240  =  125  amperes 

'Entrance  cable  into  the  house  must  be  large 

enough  to  carry  in  excess  of  125  amperes 

30,000  watts  :  600  VAC  ^  50  amoeres 
Transmission    cable    to    the    primary    of  the 
transformer  only  needs  to  be  large  enough  to  carry 
50  amperes 

VI.  Three-phase  supply 

A.  Three  wire  delta  (Transparency  3) 

1.  Voltages-240,  440,  or  550 
a.     One  three-phase  circuit 

^.     Three  single-phase  circuits 

2.  Grounded  or  ungrounded 

(NOTE:  The  grounded  transformer  is  preferable  due  to  safety. 
When  using  an  ungrounded  system  all  legs  must  be  broken  wi'h 
a  contactor.) 

B.  Four  wire  delta  (Transparency  4) 

1.       Voltages  ,  ^ 

a.     Two  120  volt  smgle-phase  circuits 
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INFORMATION  SHEET 


b.     One  240  volt  three-phase  circuit 

'       c.     Three  240  volt  single-phase  circuits 

(NOTE:  A>:  120  volt  circuits  should  have  approximately  the  same 
current  load  so. that  the  three-phase  voltages  will  not  become 
unbalanced.) 

2.  A  "wild-leg"  which  is  not  used  for  single-phase  power 

(NOTE:  The  "wild-leg"  or  "stinger-leg"  as  it  is  sometimes  called 
has  a  voltage  of  approximately  200  volts.  This  conductor  should 
be  an  orange  color.) 

C.     Four  wire  wye  (Transparency  5) 

1.       Voltages-208/120  or  480/277 

(NOTE:  Other  voltage  combinations  are  possible  with  this  type 
of  transformer  but  are  not  common,) 

a.  Three  120  volt  single-phase  circuits 

b.  Three  208  volt  single-phase  circuits 

c.  One  208  volt  three-phase  circuit 
7.       Enables  easy  balancing  of  circuits 

3.  Transformer  neutral  must  be  used  for  ground 

(NOTE*  The  use  of  any  other  ground  to  obtain  single-phase  power 
may  result  m  low  voltage  to  the  load.) 

Low  line  voltage 
A  Causes 


1. 

Undersize  wire 

2 

Lonq  runs  of  wire 

3. 

Loads  in  series 

4. 

Poor  connections 

5. 

Power  supply 

6 

Undersize  transformer 
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Effects  on  motors 

1.  Reduces  starting  torque 

2.  Reduce?  running  efficiemcy 

3.  Increases  tennperature  rise 
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Power  Distribution 


ERIC 


240 


120 


5 


Ground 


120 


From  Meter 


120  V  I 


120  V 

T20  V 


Hot  Line 
Neutral 
Hot  Line 


^^^^  |-^20  V*^ 


Entrance  Switch 


Fuss  Panel 


Power  Distribution  In  A  Home  Or  Small  Business 

Single-Phase 

/ 
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r  Power  Transmission  Lines 


Substation 


Home 


Small  Business 


\ 


r 


> 
O 
73 


13D 


Grounding 
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Three  Wire  Delta 

Ungrounded  Grounded 
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Four  Wire  Delta 


Hot 


240 v} 


Hot 


s 


NOTE:  This  is  the  wild  leg  or  stinger  leg  and  is  not  used  for 
120v  single-phase  since  its  voltage  is  200  volts. 


er|c 
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Four  Wire  Wye 
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ELECTRIC, POWER 
UNIT  III 


ASSIGNMENT  SHEET  #1--READ'AN  ELECTRIC  WATT-HOUR  METER 


The  electric  meter  on  the  house  indicates  how  much  current  has  been  consumed  in  a 
given  amount  of  time.  This  is  determined  by  reading  a  series  of  dials. 


Example: 


G)0 

The  power  company's  "Watt-meter"  has  four  dials.  Each  dial  has  a  hand.  Note 
that  two  dials  read  clockwise  and  two  read  counter-clockwise. 

Write  down  the  number  that  the  hand  has  ju$t  passed  on  each  of  the  dials  in 
the  top  row.  Suppose  the  reading  on  dials  is  3456  (KWH)  Kilowatt  hours  as 
bhown  above.  Let's  assume  the  above  figures  represent  the  reading  at  beginning 
of  the  month.  Suppose  at  the  end  of  the  mon.i  the  readings  appear  as  on  d'als 
in  lower  row.  Reading  as  before,  we  obtain  3592  (KWH)  Kilowatt  hours.  The 
difference  is  as  follows: 


This  month's  reading  3592 

Last  month  ^  reading  3456 

Kilowatt  hours  used  in  month  136 
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ans. 
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1.  7125 

2.  8800 

3.  1675 


ELECTRIC  POWER 
UNIT  III 


ANSWERS  TO  ASSIGNMENT  SHEET 


9 
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ELECTRIC  POWER 
UNIT  III 

NAME 


TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions. 

 a.  Output  voltage,  or  the  voltage  that  is  1. 

supplied  from  the  secondary  side  of  the 
transformer 


^b.  Term  used  to  designate  a  conductor 
connected  to  the  center  tap  of  the 
transformer 

c.  Current  carrying  conductor  ir  a  circuit, 
should  be  any  color  other  than  white, 
green,  or  natural  grey 

_d.  Alternating  current  circuit  with  three 
current  carrying  conductors 

_e.  System  or  circuit  conductor  which  is 
intentionally  grounded,  colored  green  or 
bare  wire  ' 

_f.  Term  used  to  designate  one  conductor 
of  a  power  supply 

J.  Meter  consisting  of  four  clock-type  dials 
which  indicates  the  number  of  kilowatt 
hours  used  in  a  given  amount  of  time 

_h.  Voltage  supplied  to  the  input  or  primary 
winding  of  a  transformer 

J.  Alternating  current  circuit  with  only  two 
current  carrying  conductors 

J.  Transformer  which  decreases  the 
secondary  voUage 

_k.  Transformer  which  increases  the 
secondary  voltage 


2. 

3. 

4. 
5. 
6. 

7. 

8. 

9. 
10. 

11. 

12. 


Electric 

watt-hour 

meter 

Step-down 
transformer 

Equipment 
ground 

Neutral 

Three-phase  ^ 

Step-up 
transformer 

Primary 
voltage  ^ 

Grounded 
conductor 

Single-phase 

"Kot" 
conductor 

Secondary 
voltage 

Leg 


I.  Conductor  connected  to  equipment  case 
and  to  an  intentional  ground,  colored 
green  or  bare  wire 
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Arranqe  in  orrlL-r  tlie  steps  foi  fJistrii)UttfUj  olectnc  pow^n  tiv  DldCinq  ihi>  CDr f fct 
se(]uence  numijers  m  the  approf)rijte  ijldnks,  i)Pi)ifininf]  ^.vi''  (MmT  oMrj,!^  cMh] 
goiruj  to  poirn  o1  icr'^^inatior^ 

 Hifjh  ime  trdfismission  cMvs  cjcrfi^s  country 

 ^_t;.    Circuit   IjOX  '  ^ 

c.  Step-up  transformors 

  (I.  Individual  circuits 

0.  Suhsttjtion  step  down  transformers  ^ 

f.  Power  generating  plant 

f).  Service  to  individual  home  or  small  business 

h  Hifjh  line  transrnissipn  cables  within  city 

L  Slep  down  transformers  on  power  pole 

Distinquish  f)Ptwe(*n  sirujle  phase  and  three  phase  currents  1)7"  placinq  an  "S"  in 
front  of  tfie  sinrjlf  f)hase  characteristics  and  a  "T"  in  front  of  the  three  phase 
characteristif:^ 

J    Tw^j  current  cafV^n^j  ronductors 

h    Fewer  service  problems  on  motors 

L    Can  be  lakcn  from  a  tfireephase  supf)ly 

(j    Generally  used  for  resider^ces  and  small  commercial  applications 

f\   Gen(>rally  commercial  and  industrial  installations 

f    Several  voitaqes  from  12  volt  to  240  volt 

.).    Ne(Mls  no  motfjr  starliru]  capacitors 

h    Mfnf)r-'^  fre(juently  refjuire  startinq  components 

V()^(i(j<>*  haltJfKe  IS  important 
I     Can  b(>  us(^d  to  su()[>ly  sinqle  phase  power 
List  tlu(M'  rnethods  of  (jroundinq  an  electrical  circuit 

h. 
( 

/ 
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Select  the  functions  of  transformers  by  placing  an  ''X"  m  the  appropriate  blanks. 

 a,  Increases  voltage 

 b.  Rectif»es  direct  current  electricity 

 ^c.  Converts  amperes  to  kriowatt  hours 

 ^d.  Increases  current 

 e.  Steps-down  transmission  power  line  voltage 

 f.  Changes  60  hertz  current  to  60  cycle  current 

 g.  Decreases  current 


Discuss  the  types  of  three-phase  supply. 
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7        List  bix  nidjoi  causes  and  thrpu  effects  of  low  (me  voltage. 

a  Causes 

1 

2 
3 

4  .  ■  ' 

5 

6 

b  Effects 
1. 
2 
3 

8.       Demonstrate  the^l)ilitv  to  read  an  electric  watt-hour  meter. 

« 

(NOTE  If  this  activity  has  not  been  accomnlished  prior  to  the  test,  ask  your 
insiructor  when  it  should  be  completed,) 
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ELECTRIC  POWER 
UNIT  III 


ANSWERS  TO  TEST 

1.  a.  11  g'*^i 

b.  4   ■  .  h.  7 

c.  10  I.  9 

d.  .  5  j.  2  ^ 

e.  8  ,  k.  6 

f.  .^2  1.  3 

2.  a.  3       ^  f.  T 

b.  8  g-  7  . 

c.  2  h.  '5 

d.  ^  9  I.  6 

e.  4  / 

3.  a.  S  f.  S 

c.  S  ^h"  S  . 

d.  S  i.  T 

e.  T  .  j.  T 

4.  -  a.  Cold  water  pipes 

b.  Metal  stakp'' , 

c.  Metal  case  of  mam  distribution  oanpi 

5.  a,  d,  e,  g 

6.  Discussion  should  include: 
a.     Three  >vire  delta 

1)       Voltages -240,  440  or  550 
^  a)     One  three-phase  circuit 

b)     Three  single-phase  circuits 
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2)       Grounaed  or  uncj* ounded 
Four  wire  delta 

1)  Voltages 

a)  Two  120  volt  SirTg'e-phase  circuits 

b)  One  240  volt  three-phase  circuit 

c)  Three  240  volt  single-ohase  circuits 

2)  A  "wild-leg"  which  is  not  used  for  single-ph^^?  power 

V 

Four  uite  wye 

1)  Voltage.  ^120  or  480/277 

d)  Three  120  volt  single-phase  circuits 
d)  Three  208  volt  single  phase  circuits 
c)     One  208  volt  three-phase  circuit 

2)  Enables  easy  balancing  of  circuits 

3)  Transformer  neutral  must  be  used  for  ground 
a  Causes 

1  Undersi/e  wire 

2  Long  runs  of  wire 

3  Loads  I.  seces 

4  Poor  con.iecfon'^ 
b        Power  supply 

0  Undersize  transfornier 
b      I: f facts  on  motors 

1  Reduces  starting  torciue 

2  Reduces    unninq  efficiency 
'3        increases  temperature  rise 

Performance  skill<^  evaludt'Kl  to  the  satis^iction  of  the  instructor 
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BASIC  ELECTRIC  THERMOSTATS 
UNIT  I 

UNIT  OBJECTIVE 

r 

After  completion  of  this  unit,  the  student  should  be  able  to  match  terms  to  their  correct 
definitions  or  descriptions  and  identify  types  of  thermostats  and  their  components.  The 
studfi't  should  also  be  able  to  demonstrate  the  ability  to  determine  heat  anticipation  and 
install  a  wall  thermostat.  This  knowledge  will  be  evidenced  through  demonstration  and 
by  scoring  eighty-five  percent  on  the  unit  test.  • 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  thermostats  to  the  correct  definitions  or 
descriptions. 

2.  Name  three  types  of  thermostats. 

3.  Identify  parts  of  a  low  voKage  thermostat. 

4.  Identify  parts  of  a  millivolt  thermostat, 

5.  Identify  part^  of  a  line  voltage  thermostat. 

6.  Identify  types  of  thermostat  contacts. 
Identify  shapes      thermostatic  bimetals. 

8  Disruss  the  ooenlion  of  a  thcrmostalic  oimetal 

b  Discuss  thernno'^tat  antiCioation. 

10  Discusj  tiie  chardcteristics  of  a  ^  ^'O-staqe  thermo»>tat 

11.  Discuss  the  ad\'antages  of  time  controlled  thermostats. 

12.  Select  guidelines  for  correctly  installing  a  room  thermostat. 

13.  List  the  applical  ons  of  lov^/  voltage,  millivolt,  and  line  voltage  thermostats. 

14        Match  the  low  voltage  thermostat  subbase  terminal  markings  to  the  proper 
component. 


15? 


2*B 


15.       Demonstrate  the  ability  to: 

a.  Wire  mercury  bulb  to  correct  terminals. 

b.  Determine  heat  anticipation. 

c.  Install  a  wall  thermostat. 
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BASIC  ELECTRIC  THERMOSTATS 
UNIT  I 


SUGGESTED  ACTIVITIES 

I.  Instructor: 

A     Provide  student  v^ith  objective  sheet. 

B.  Provide  student  with  information,  assignment,  and  job  sheets. 

C.  Make  transparerxies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  and  assignment  sheets. 

h.     Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Show  students  actual  thermostats  and  components. 

H.  Construct  a  practice  thermostat  wiring  board. 

I.  Discuss  the  adjusting  of  wall  thermostats. 
J.     Give  test. 

IL  Student 

A.  Read  objective  sheet. 

B.  Study  informdtion  sheet. 

C.  Complete  assignment  and  job  sheets. 

D.  Take  'est 

INSTRUCTIONAL  MATERIALS 

I     included  in  this  unif 

A.  Objective  sheet 

B.  infor-"^  ^lon  sheet 

C.  Transparency  masters 

1.       TM  1-Low  Voltage  Thermostat  Parts 

2  TM  J  -Millivolt  Ttiermostat  Parts 

3  TM  3- Line  Voltoge  Thermostat  Parts 
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4.  TM  4-Tharmostat  Contacts 

5.  TM  5-Bimetals 

6        TM  6-Thermostat  Subbases 

D.  Assignment  Sheet  #1-Wire  Mercury  Bulb  to  Correcc  Terminals 

E.  Answers  to  assignment  sheet 

F.  Job  sheets 

1.  Job  Sheet  #1--Determine  Heat  Anticipation 

2.  Job  Sheet  #2--lnstall  a  Wall  Thermostat 

G.  Test 

H.  Answers  to  test 
References: 

A.  Heating  and  Cooling  Controls.  Columbus,  Ohio:  NHAW  Home  Study 
Institute,  1972. 

B.  Russell,  Allen.  Getting  Started  in  Heating  and  Air  Conditioning  Service. 
Birmingham,  Michigan:  Business  News  Publishing  Co.,  1973. 

C.  Langley,  B.  C.  Electric  Controls  for  Refrigeration  and  Air  Conditioning. 
Englewood  Cliffs,  New  Jersey:  Prentice-Hall,  Inc.,  1974. 

D.  Aithouse,  Andrew  D.,  TunquiSt,  Carl  H.,  and  Btacciano,  Alfred  F.  Modern 
Refrigeration  and  Air  Conditioning  Homewood,  Illinois:  Goodheart-Willcox 
Company    Inc.,  1975. 
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BASIC  ELECTRIC  THERMOSTATS 
UNIT  I 


INFORMATION  SHEET 


ERIC 


I.  Terms  and  definitions  or  descriptions 

^    A.    Bimetal  -Two  metallic  alloys  bonded  togather  which  have  different  rates 
of  expansion  and  will  warp  when  exposed  to  a  tempeiature  change 

B.  Heat  anticipator--A  small,  usually  variable  resistor  in  series  with  the 
thermostat  contacts  and  load  which  will  generate  a  small  amount  of  heat 
and  cause  the  contacts  to  open  early 

C.  Mercury  bulb-Thermostut  contacts  consisting  of  a  small  amount  of  liquid 
mercury  sealed  in  a  glass  tube 

D.  Low  voltage-' A  24  V.A.C.  circuit  in  air-conditioning  and  refrigeration 
controls 

E.  Bellows-A  corrugated  cylindrical  container  which  moves  as  pressures  change 

F.  Line  voltage-Generally  above  50  V,A,C.  in  air-conditioniny  and  refrigeration 
controls 

G.  Thermostat- Device  which  senses  temperature  conditions  and,  in  turn,  acts 
to  control  a  circuit 

H.  Millivolt -Voltage  which  is  generated  by  a  thermocouple'  osed  for  heating 
only 

(NOTE:  A  millivolt  is  one  thousandth  of  a  voit,  and  in  heating  systems 
the  usual  range  is  35  to  750  fnillivoits  ) 

i.     Invar-Metal  which  is       iron  and  nickel  alloy 

J.  Subbase -Portion  of  the  thermostat  that  is  attached  to  the  wall  and  to  which 
all  thermostat  wiring  contiections  are  made 

K,  Cooling  anticipator-  Generally  a  fixed  resistor  wired  paraMel  to  the  cooling 
contacts  which  will  generate  a  small  amount  o  heat  and  cause  the  contacts 
to  close  early 

II.  Types  of  thermostats 

A.  Low  voltage 

B.  Milhvolt 


156 


6-B 


INFORMATION  SHEET 


C.     Line  voltage 


(NOTE.  All  line  voltage  wiring  should  be  done  according  to  the  National 
Electric  Code.) 

1.  Heating  or  cooling 

2.  Refrigeration 

III.    Parts  of  a  low  voltage  thermostat  (Transparency  1) 

A.  Bimetal  temperature  sensing  elements 
(NOTE:  This  is  generally  a  bimetaL) 

B.  Electrical  contacts 

1.  Mechanical  points 

(NOTE.  These  are  snap  action  points  which  help  to  prevent 
arcing.) 

2.  Mercury  bulb 

C.  Manual  temperature  selector 

D.  Adjustable  heat  anticipator 

E.  Cooling  anticipator 

F.  Cover 

G.  Thermometer 

H.  Subbase 

(NOTE:  Be  sure  the  subbase  matcties  the  equipment.) 
I       Manual  switches 

1.        Fan  oiA/itch 
2        System  iv\/itch 
IV     pjrts  of  a  millivolt  thermostat  (Transparency  2) 
A     Binotal  lernperature  5^ensing  element 
B      tiectrical  contacts 

],        Mechanicdl  points 
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INFORMATION  SHEET 

C.  Manual  temperature^  selector 

D.  Heat  anticipator 

E.  Cover 
Thermometer 

G.  Subbase 

V.  Parts  of  a  line  voltage  thermostat  (Transparency  3) 

A.  Temperature  sensing  element 

1.  Bimetal 

2.  Gas/iiquid  filled  bulb 

B.  Electrical  contacts 

C.  Range  adjustment  knob 

D.  Differer.tiai  adjustment  screws 

1.  Cut-in 

2  Cut-out 

VI.  Thermostat  contacts  (Transpr.  'ncy  4) 
A.    Snap  action 

1        Stngle  pole  single  throw 

2.  Single  pole  double  tnrow 

I  NOTE  Oome  snap  action  thermost^-ts  will  'i-ie  a  (vngnet  at  the  contacts 
to  make  them  close  quicker  and  prevent  aicmq       the  points.) 

3      iW^rcLin/  biJJb 

1  Single  pole  single  throw 

2  Single  pole  d^vible  throw 

'TiOTE    These  mnrcury  bulbs  dre  varuuf    '",eaicr<  to  j/ff^vent  arcing) 
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iNFORMATION  SHEET 
V!l.    Shapes  of  thermostatic  bimetals  (Transparency  5) 


A. 

Helix 

6. 

Cantilever 

c. 

"U"  shaped 

D. 

Spiral 

E. 

Snap-disc 

VHI.    Operation  of  a  thermostatic  bimetal 

A.    Two  different  metdls  bonded  together 

1.  Brass  Expands  rapidly 

2.  Invar -Expands  slowly 

B     Warps  when  heated  or  cooled  due  to  different  rales  of  expansion 
^    C.    Warp'ng  action  causes  opening  or  closing  of  thernnostat  contacts 
IX.    ThernK)stat  anticipation 
A.  Heating 

1        Thermostatb  with  bimetal  sensing  elements 
2.        In  series  with  thermostat  contacts 

3  Two  types 

a      Fived  Carbon  resistor 

I)      Adjustable-Varfable  resistor 

4  Setting  (je^irrnined  by  current  draw  of  load 

Gas  vn!ve  solenoid 
b      Liectric  l^.eater  contactor 

.;CAUTior:  Never  bypass  the  control  load  with  a  juniper  wire 
or  other  device,  as  this  will  cause  the  heat  anticipator  to  open. 
This  m.iy  also  cause  the  anticipator  to  overheat  and  cause  a  fire,) 

':\Orb  'f'ric  ant(ci()citor  on  a  millivoit  thermostat  must  be  p'^:ed 
riir(ft'v  aijaini^  the  hirnotal.  These  should  only  be  used  on  750 


ERIC 


159 


ACR  II  -  9-B 


INFORMATION  SHEET 

B.  Cooling 

1.  Generally  low  voltage  wall  thermostats 

2.  Carbon  resistors 

(NOTE:  It  is  possible  to  change  these  anticipators,  but  check  with  the 
thermostat  manufacturer  before  changing,) 

3.  Resistance  of  anticipator  is  determined  by  the  current  draw  of 
the  contactor  coM 

t'.       Parallel  to  thermostat  contacts  j 

X.    Characteristics  of  a  twc-stage  thermostat 

A.  Cooling 

J.       Controls  two  cooling  capacities 

2.  Two  switches  on  one  bimetal,  usually  mercury  bulbs 

3.  Two  degree  differential  between  switches 

4.  First   stage   closes   at   approximately    2''F   above   the  "set" 
temperature 

5.  If  termperature  continues  to  rise  second  stage  will  close  at 
approximately  4*'F  above  "set"  temperature 

6.  Both  switches  will  be  open  at  "set"  temperature 

B.  Heating 

1.  Used  for  che  followinc,  heating  situations: 

a.  Gas  heating  with  dual  gas  valves 

b.  Electric  furnaces  with  extra  strips 

c.  ^    Heat  pumps  with  electric  strips  for  supplementary  heat 

2.  Two  switches  on  one  bimetal,  usuaify  mercury  bulbs 

3.  Two  degree  differential  between  switches 

4.  First   stage   closes   at   approximately    2''F    below   the  "set" 
temperature 

5.  If  temperature  continues  to  drop  second  stage  will  close  at 
approximately  4''F  below  "set"  temperature 

6.  Both  switches  will  be  open  at  set  temperature 
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INFORMATION  SHEET 

C.  Combinations 

1.  Two-stage  cooling  and  single-stage  heat 

2.  Two-stage  heat  and  single-stage  cooling 
XL    Advantages  of  time  controlled  thermostats 

A.    Automatically  lowers  temperature  at  night 

1.  Provides  more  comfortable  sleeping 

2.  Conserves  energy 

a.  Summer  by  lowering  temperature  at  night  when  equipment 
runs  more  efficiently 

b.  Winter  by  reducing  the  on  time  of  heating  equipment 

B-    Automatically  increases  temperature  during  the  day 

C.    Convenient  in  winter  because  the  increase  in  temperature  occurs  early  before 
the  occupant  arises 

XII.    Guidelines  for  installing  a  waH  thermostat 

A.  Seal  the  wire  opening  in  the  wall 

B.  Must  be  level  ^ 

C.  Locate  m  condiiioned  area 

D.  Must  have  normal  air  circulation 

(NOTE.  Do  not  locate  the  thermostat  behind  a  door  or  other  dead  ai»" 
space.) 

E.  Locate  on  inside  wall  approxjrriately  4*  6"  to  5'  above  floor  / 

F.  Keep  away  from  sources  of  ^V^ficial  heat  or  cold  such  as: 

1.  Television  sets 

2.  Lamps 

3.  Direct  sunlight 

4.  Drafts 

5        Walls  adjacent  to  bathrooms 
6.        Kitchen  walls 
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INFORMATION  SHEET 
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XI ii.    Applications  of  thermostats 

A.  Low  voltage  •  %^ 

1.  Central  heating  systems 

2.  Central  cooling  systems 

B.  Millivolt  . 

(NOTE:  This  t\/p§  of  thermostat  is  used  primarily  on  gas  heating 
equipment.)  / 

Wall  h^tijrs  ^ 

Floor  furnaces 

Central  healers 

(NOTE.  The  majority  of  the  central  heaters  havp  low  voltage 
thermostats.) 

Line  voltage 

1.  Window  air  conditioners 

2.  Domestic  refrigeration 

3.  Commercial  refrigeration 

4.  Industrial  air  conditioners 

5.  Ventilators 


1. 
2. 
3. 


XIV.    Thermostat  '  cbise  terminal  markmgs  (Trdnsparency  6) 


A 
B. 
C 

D. 
£. 

G. 

H 


'V''  or  "R" -Power  supply 
F    or    U  --ran 

'H"  or  "W""Heat  on  single  stage 

'C"  or  '*Y"-Cooling  on  single  stage 

'H^"  or  "W-i "-First  stage  on  two  stage  heat 

'H2"  or  "W2"--Second  stage  on  two  stage  heat 

'C-j"  or  "Y-i  "-'First  stage  on  two  stage  cooling 

'^2'       "Y9"--Second  stage  on  two  stage  cooling 


(NOTE*  The  majority  of  the'  thermostat  manufacturers  are  now  using  the  R, 
G,  W,  and  Y  markings  but  not  all  of  them.  The  two  systems  are  nevor  mixed 
toge*ner  ) 
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INFORMATION  SHEET 


I.  Rh-Pcwer  heating  transformer 
J. Rc- Power  cooimg  transfornner 

(NOTE.  Some  systems  are  separate  control  pow6r  transformers,  and  the  Rh  Is 
the  powe/  for  the  heating  system  and  Rc  would  be  the  power  for  the  cooling 
system.  If  this  type  of  subbase  is  used  on  a  system  With  one  transformer,  the 
Rh  and  Rc  must  be  connected  together.^ 
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Low  Vohage  Thermostat  Parts 

Manual 


Millivolt  Thermostat  Parts 


Manual  Temperature  Selector 


Tube        Mercury  Bulb 


Electrical  Contacts—-  '  ^ 
Thermometer  Electrodes 

Cover 


Bimetal 


Mercury 


Mounting  Holes 


Terminal  Screws 


Heat  Anticipator 


Mounting  Holes 


nin  1 1 1 1 }  J } 


Subbase 


Mechanical  Points 


Bimetal  Temperature 


Sensing  Element 
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1  CP 


> 
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CD 


ERIC 


Bellows 


Line  Voltage  Thermostat  Parts 

gj^g^gl  To  Temp.  Controller  Mechanism 

Temperature  Dial 


Electrical  Contacts 


Pressure 


Heating  Or 
Cooling  Selection 
Uial 


Thermal  Sensitive  Tubing 


Heat/Cool  Themostat 

16a 


Remote  Temp.  Sensing  Bulb 


Range  Adjustment 


Cut-Out 
Cut-In 


> 

o 
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Thermostat  Contacts 


Snap  Action 


Electrical  Contacts 
Single  Pole  Single  Throw 


Electrical  Contacts 


Single  Pole  Double  Throw 


Mercury  Bulb 


Mercury  Globule 


Single  Poh  Single  Throw 


Mercury  Globule 


Single  Pole  Double  Throw 
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Bimetals 


-I 
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^5^^^^  Movement 


Rotary  Movement 


'U'  Shaped 


Movement 


Snap-Disc 


Rotary  Movement 
Movement  (Warpage)  (U 


Cantilever 


Spiral 
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Thennostat  Subbases 
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BASIC  ELECTRIC  THERMOSTATS 
UNIT  I 


ASSIGNMENT  SHEET  #1--WIRE  MERCURY  BULB  TO  CORRECT  TERMINALS 

On  the  drawing  below  connect  the  mercury  bulb  leads  to  the  correct  terminals'.  Remember, 
the  bimetal  will  coil  tighter  as  it  cools. 
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BASIC  FLECTHIC  iHtRMOSTArS 
UNi  r  ! 

jOB  SiiLtT  .-^l  DFTERMINE  HEAT  ANTICIPATION- 
A      Am  [Teeter 

B      Cc'  of  wire-  10  loops 

C      He^'lmq  unit  with  24v  control 

PrO'XvJurP 

A     Disconnect  power  from  heater 

B      PLce  ccii  of  wre  in  series  with  one  side  of  heating  u:>ntro!  (Fiqurt^  1) 
'\OTE    This  nnay  be  either  a  gas  valve  or  an  electric  reluy  ^ 
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JOB  SHEET  -1 
t      CljH';^  w"\neter  tluouqii  tho  coi!  of  v^'ire  (Finure  2) 


G      ';iv!c!*    'Jie  readipu  b\  re^' 

4      10  -  4 
'\'?Tr    "^iiis      the  nor'^dl  dottcioitvr  sotting.) 
.01"  i>-'jt   jMt'fjpcrt'K  on  tnf-jrr»iostat 

.^JTf-  '  L  nianul. }«'turor^  oi  h^\;iir,.i  controis  Will  print  tlni  amijore  dr.i 
i-  {,f...itf  ji  or  rho  sui'i  but  in  cdse  it  is  riot  the  above  procedure  frr 
1  •    '  / j  to  f!ett''Mi'*     '>!  ) 

i  >  '  {   I'll'        ..^  t'^..>is 
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BASIC  FLECTRIC  THL  RMCV)  TATS 
»  UNIT  { 

JOB  ShEET         i\STAL!.  A  WALL  THFRMOSTAT 

^*  '!  Uy,  screwdriver 
B      ^^.(  ?  dtci  •  ci'v\i 

Wire  ^tnppers 
J      Po<  ker  scf  evvciriver 
t:      Screw  starter 
^      MLvJt-coc-'  irerr^iQ'^Tjt  subbase 
'sj      He:U  cooi  tneni^ostat 

Fl-'  .^onfiuctor  therr^iostat  wre 


*'.<3j.e  ^rnfn  floor  5^  to  60  •^c'-es 
'         J       J '   to  ren tor  SLiot)as(: 

*:  ar^i  center  it 


•       'V^'V  'ev*'i 

''.^'1^''  n.?rj  tS  son>':t'ines  Ube^^  ^o:  .KKi.tion  i'  actura(^v  ' 
'noia^ttr.o  screv'S    r  i.i-jfe  1; 


/  \ 


■So.ri!  L 
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JOB  SHEt  T  -2 

i        Movo  Mil;!)..  4' 

0      bnn.:  tl'L'f'-'O^tcr.  n-r^^  thro'.q^^  Tin   proper  Of)en!nq 

^      |)t)         'u..^  .iMv  vMfOj  .^ruhbiivj  the  center  o^^  tiie  subhase 

Q      Str-p  ^  2'  ^^\'nVMn  oif  of  each  concii'':tc^r 

^:op t  -'n,tf  ft)    'W"  or  '^'f^''  terivinj! 

T      '>u^'Ct  M'eer  '..:m.  to     G"  or  'T'  lernindi 

U      '..{/fif'ict    ^'Jl  >/■      tc*       "  or  "C"  ternun 

''.''•^r  Sor^'f'  v;r'  ^^,jnij:ac: jrers  luwe  j  ^mn^^     irt^  instr'jfi  u 

\^  ^  >  r       .  n-s  t-u'^   V    ^o-it  toey         por   i-'vrU^fC  v;ith  Ph^ 

<^ '    .  pn,'!  .'>.j  ^!,^o.'  t''   .V'i'cn  :.ie  .'■''ff.  p-iteu^^l 
X       M  V  >      St  f    I  '^r'      V    '^'f^  '  , 
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BASIC  ELECTRIC  ThERMOSTATS 
UNIT  I 


NmME 


TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions  or  descriptions. 


a. 

oenerally     above     ou     v.A.iy.  in 

1 
1 . 

1  nermostai 

air-conditioning       and  refrigeration 

controls "  ' 

2. 

Heat 

anticipator 

b. 

Two   metallic  alloys  bonded  together 

which  have  different  rates  of  expansion 

.  o. 

ivmiivoii 

and   will    warp   when   exposed  to  a 

temperature  change 

A 

4. 

oubbase 

c. 

Voltage    which    is    generated    by  a 

5. 

Bellows 

thermocouple;  used  for  heating  only 

6, 

Mercury  bulb 

d. 

A  corrugated  cylindrical  container  which 

moves  as  pressures  change 

/. 

1  nvar 

e. 

Portion    of   the    thermostat    that  is 

8. 

'  Line  voltage 

attached  to  the  wall  aqd  to  which  all 

thermostat  wiring  connections  are  made 

9. 

Bimetal 

f. 

Dev:c?      vhich     senses     temperatu  re 

10 

Low  voltage 

condt^    ns  and,  in  turn,  acts  to  control 

a  ciiOuit 

1 1. 

Cooling 

anticipator 

g- 

Thermostat   contacts   consisting  of  a 

small  amount  of  liq'jid  mercury  sealed 

in  a  glass  tube 

h 

Meta!  which  is  anr  iron  ar  j  nickel  aiioy 

A  24  V.A.C-  circuit  in  air-cbnditioning 

dnd  r^frigeidlion  controls 

A  small,  usually  variable  resistor  m  series 
with  the  thernT'OStat  contacts  arid  load 
whicii  will  generaie  a  small  amount  c^f 
heat  and  cause  tha  contacts  to  open 
early 


k  Gr-^erally  a  tixcd  '-osislor  vvitc(i  pr^raflel 
t.  the  cooling  contacts  w!iich  will 
generate  a  small  am{.ijnt  of  heat  and 
cause -the  contacts  to  close  early 
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5. 


Identify  the  parts' 9 f  a  line  voltaye  tnermostdt 


ACR  II  -  37-B 


7.       Identify  the  following  shapes  of  thermostatic  bimetals. 


30  8 
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10.       Discuss  the  characteristics  of  a  two-stage  thermostat. 
1^,  Cooling 


b.  Heating 


188 
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c.  CbTibinations 


11.       Discuss  the  acjvahtages  of  time  conrrol!*;J  riier'^vjitdt'. 


'  12.       Select -guidulines  for  correctly  {nst.iilmg  a  roon)  thcrmt'iUat  pIdC' 
irr  the  u;)|>ropriatP  blanks. 

d    May  be  moixitecl  on  jriy  wall  ^ 
  « 

\  t).  Locate  in  coofi.ticxjjrd  area 

c.  Locate  4'  ci[)ove  tf^e  floor 

ci.  Mi'st  be  level 

"     .  e.  Locate  behinci  a  door  for  protfCtifif^ 

f.  Must  \)r)\je  normal  ,nr  ctrcuL'Kion 

g.  Loc  ite  on  outside  wail  4'  6"  to  b'  dbdv*^  Mo  h 
[i  <ce|:  away  from  soiim:j*s  of  arfif.f  ,J  m  «t  ,  ?  » 

I     Lf)rate  on  inside  wail   ifjprr^x'.noreiv  4'  (•'    lo       dih^yr  t'- 

^        — /   .  .  '       •  • 
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List  the  thermostat  aprplications. 

a.  '  Low-voltage 

1. ' 

b.  Millivolt 

1. 

2. 

.>■ 

c.  *^    Line -voltage 
2 

.  .  3/ 

r 

4. 

5.  ^  .  ■ 

Match  the  low  voltage  th^r\)stat  terminal  markings       the.feft^>tp  the  proper 
component.  Each  component  may  be  used  more  than  once.       ^\  '  , 

,  1.       Second  stage  on  two  stage  heat 

2.  Fan 

3.  Poyver  cDoHng  transformer 
'                     Second ^^tage  on  two  stage  cooling 

[^^^^'  5Nvw;^ooli'^g  o'^  single  stage  ^ 

V  6        Po^yi?r  supply        ,      .  . 


7. 


Heat  or^^Vkigte^^ 

8.  First  5uje  on^  two  stage  cool i rug 

9,  Power 'heating  transformer 
X^IO.       First  stage  pn  two  stage  heat 
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/ 


k 

He 

1 

ni. 

n 

n 

o. 

q- 

Y 

r. 

^5.       Demonstrate  fhe  ability  to: 

a.  v|ir^  meicury  bulb  to  correct  terminals. 

b.  Detlprmine  heat-  anticipation, 

c.  In^all  a  wall  thermostat.  I* 

(MOTE:  If  these  activities  have  not  been  accomplished  prior  to  Xba  test,  ask 
your  instructor  when  they  should  be  completed.) 
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BASIC  ELECTRIC  THERMOSTATS 
UNIT  I 


ANSWERS  TO  TEST 


1.  a.  8  g.  6 

b.  9  h.  7 

c.  3  (.  10 

d.  5  J  2 
e  4  k.  11 
f  1 

2.  a.  Low  voltage 

b.  Millivolt 

c.  Line  voltage 

1.  Heating  or  cooling 

2.  Refrigeration^ 

3.  a.  Adjustable  heat  anticipator 

b.  Manual  switches 

c.  Subbase 

J  Cooling  anticipator 

e.  Bimetal  temperature  sensing  element 
f  Mercury  bulb 

g.  Bimetal  temperature  sensing  element 

-A. 

h.  Mechanical  points 
I.  Thermometer 

J.  Cover 

k.  Manual  temperature  selector 

4.  a.  Subbase 

b.  Mechanical  points 


ERLC 
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c  Bimetal  temperature  sensmg  element  ^ 

d.  Mercury  bulb 

e.  Bimetal  temperature  sensing  element 

f.  Heat  anticipator 

g.  Thermometer 

h.  Cover 

i.  Manual  temperature  selector 

a  Gas/ltquid  filled  bulb  temperature  sensing  elemen 

b.  Bimetal  temperature  ^sensing  element 

c  Electrical  coniacts 

d.  Range  adjustment  knob 

e.  Cut  out 
t  Cut  m 

a.  Mercury  bulb,  single  pole  double  throw 

b.  Snap  action,  single  pole  doubte  throw 
c  Snap  action,  single  pole  single  throw 
d  Mercury  bulb,  single  pole  single  throw 
a>  "U"  shaped  . 
b  Snap  disc 
c  Cantilever 
d  Spiral 
e.  Hehx 

Discussion  should  include: 

a.  Two  different  metals  bonded  together 

1)  Brass-Expands  rapidly 

2)  Invar  -Expands  slowly 
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b.  Warps  when  heated  or  cooled  due  to  different  rates  of  expansion 

c.  Warping  action  causes  opening  or  closing  of  thermostat  contacts 

9.  Discussion  should  include: 

a.  Heating 

1)  Thermostats  with  bimetal  sensing  elements 

2)  In  series  with  thermostat  contacts 

3)  Two  types 
a)     Fixed-Carbon  resistor 
b\     Adjustable-Variable  resistor 

4)  Setting  determined  by  current  draw  of  load 

a)  Gas  valve  solenoid 

b)  Electric  heater  contactor 

b.  Cooling 

1)  Generally  low  voltage  wall  thermostats 

2)  Carbon  resistors 

3)  Resistance  of  anticipator  is  determined  by  the  current  draw  of 
the  contactor  coil 

4)  Parallel  to  thermostat  contacts 

10.  Discu&sion  should  include: 
-e.  Cooling 

1)  Controls  two  cooling  capacities 

2)  Two  switches  on  one  bimetal,/ usually  mercury  bulbs  / 

3)  Two  degree  differer»tial  between  switches 

4)  First   stage   closes   at   approximately   2''F   above    ihe  "set" 
temperature 

5)  If  temperature  continues  to  rise  second  stage  will  close  at 
approximately  4°F  above  "set"  temperature 

6)  Both  switches  will  be  open  at  "set"  temperature 

r 


« 
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b.  Heating  " 

1)  •     Used  for  the  following  heating  situations: 

a)  Gas  heating  with  dual  ges  valves 

b)  Electric  furnaces  with  extra  strips 

C)     Heat  pumps  with  electric  str^ps  for  supplementary  heat 

2)  Two  switches  on  one  bimetal,  usually  mercury  bulbs 

3)  Two  degree  differential  between  switches 

'    4)       First   stage   closes   at   approximately   2°F    below   the  "set" 
temperature 

5)        If  temperature  continues  to  drop  second  stage*  will  close  at 
approximately  A^'F  below  "set"  temperature  ^ 

Botl^  switches  will  be  open  at>  set  temperature 

c.  Combinations 

1)  Two-Stage  cooling  and  single-stage  heat 

2)  .    Two-stage  heat  and  single  stage  cooli.ig 
11         Discussion  should  include' 

a      Agtomatically  lowers  temperature  at  night 

1)  Provides  more  comfortable  sleeping 

2)  Conserves  energy 

a)  Summer  by  lowering  temperature  at  night  when  equipment 
runs  more  efficiently  ' 

b)  '  Winter  by  reducing  the  on  time  of  heating  equipment 
1)      Automatically  increases  temperature^ during  the  day 

c      Convenient  in  winter  because  the  increase  in  temperature  occurs  early  before 
the  occupant  arises 

12.  L).  d,  f,  h,  1,  J 

13.  a.      Low  ^'oitdge 

1)  CentrcHy  heating  systems 

2)  Central  cooling  system? 
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b.  Millivolt 

1)  Wall  heaters 

♦ 

2)  Floor  furnaces  *  <^ 

3)  Centra!  heaters 

c.  Line  voltage 

1)  Window  air  conditioners 

2)  Domostic  refrigeration 

3)  Commercial  refrigeration 

4)  Industrial  air  conditioners 

5)  Ventilators 

14.  a.     8  j.      1  ' 

b.  6  k.  3 

c.  2  I.  4 

d      1  m.    7  , 

?.     9  n.  5 

f      8  0.  4 

g.  6  p.  10 

h.  7  q.  5 

-         I.      2  r.      10  ^ 

15.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 

/ 
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RELAYS 
UNIT  II 


UNIT  OBJECTIVE 


After' completion  of  this  unit  the  student  should  be  able  to  identify  and  discuss  different 
types  of  relays,  draw  connecting  wiring,  and  check  wiring  and  relays  with  electrical  test 
instruments,  this  knowledge  will  be  evidenced  through  demonstration  and  by  scoring 
eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  relays  to  the  correct  definitions. 

2.  Identify  mo^or  .starting  relays. 

3.  ,     Identify  control  rela\  switching  symbols. 

4.  Match  the  comp'^nents  to  the  correct  relay  terminal  markings. 

5.  List  the  selection  specifications  of  motor  relays.  . 

6.  List  the  six  specifications  of  a  contactor. 

7.  Discuss  the  characteristics  and  types  of  time  delay  relays. 
8        Draw  the  connecting  wiring  of  a  hot  wire  relay. 

9.        Draw  the  connecting  wiring  of  a  current  relay  (coil  type). 
10        Draw  the  connectir^g  wiring  of  a  potential  relay. 

11.  Draw  the  connecting  wiring  of  a  fan  relay. 

12.  Draw  the  "connecting  wiring  of  a  contf>ctor.  ^ 

13.  Demonstrate  the  ability  to: 

a.  Wire  a  current  relay  (hot  wire). 

b.  Wire  a  current  relay  (coil  type). 

c.  Wire  a  potential  relay, 
d     Wire  a  fan  relay. 


ERLC 


197 


,  50-B 

e.  deck  relays  with  an  ohmrneter. 

t  Check  relays  with  a  voltmeter, 

g  Check  relays  with ''an  ammeter. 

*  * 
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a 


RELAYS 
UNIT  il 


SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate- and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Draw  a  complete  relay  wiring  diagram  on  chalkboard. 

H.  Demonstrate  checking  relays  with  elecfical  test  instruments. 

I.  Give  test. 
II  Student: 

A     Read  objective  sheet. 

B.  Study  information  sheet, 

C.  Complete  job  sheets. 

D.  Take  test 

INSTRUCTIONAL  MATERIALS 

I      Included  m  this  unit: 
J^.    Objective  sheet 

B.  Information  sheet  * 

C.  Transparency  masters  ^ 

1.       TM  1--Motor  Starting  Relays 
2        TM  2-Contactor 
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3.  TM  3-Time  Delay  Relays 

4  TM  4  Wiring  for  a  Hot  Wire  Relay 

5  TM  5-Vyiring  for  a  Current  ReJ^y  (Coil  Type) 
6.  TM  6-  Wiring  for  a  Potential  Relay 

7  TM  7 -Wiring  for  a  Fan  Relay  ^ 

8  TM  8--Wirmg  for  a  Contactor 

D     Job  sheets 

1.       Job  Sheet  #1-Wire  a  Current  Relay.  (Hot  Wire) 

2  Job  Sheet  #2  Wire  a  Currer^t  Relay  (Coil  Type) 

3  '    Job  Sheet  #3 -Wire  a  Potential  Relay 

4  Job  Sheet  #4- Wire  a  Fan  Relay 

5  Job  Sheet  i^5-Check  Relays  With  an  Ohmmeter 

6  Job  Sheet  #6  -Check  Relays  With  a  Voltmeter 
1  Job  Shee.  #7- Check  Relays  Wifh  an  Ammeter 

E  Test 

F      Answers  to  lest 
References 

A  Langley,  B  C.  Electric  Controls  for  Refrigeration  and  Air  Conditioning. 
Englewood  Cliffs,  New  Jersey  Prentice-Hall  Inc.,  1974 

B.  Althouse,  Andrew  D.,  furnqu^st,  Carl  H.;  and  Bracciano,  Alfred  F.  Modern 
^Refrgeration  and  Air  Conditioning.  Homewood,  Illinois:  Goodheart  Willcox 
Co,  1975. 
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RELAYS 
'    UNIT  II 


.  INFORlVfATION  SHEET  ^         '  . 

I.    Terms  and  definitions  ^  .  ^< 

A.  Relay-  Electromagnetic  switch  > 

B.  Time  delay  relay  -Provides  a  predetermined  interval  between  operations  of 
a  device 

C.  Contactor-Magnetic  relay  switch  which  usually  opens  and  closes  a  line 
voltage  circuit,  actuated  by  a  control  circuit  magnetic  coil 

D     Potential  relay-  Motor  starting  relay  that  operates  off  of  the  back  €MF 
generated  in  the  start  winding;  used  primarily  on  1/2  h.p.  or  larger  notors 

E.     Current  relay  (coil  type)-Motor 'starting  relay  that  disengages- the  start 
winding,  after  the  compressor  motor  reaches  75%  of  its  rated  speed;  used  ^ 
on  fractional  ho'-sepower, motors 

'  '  tf» 

.  F.  Current  relay  (hot  wire  type)-M6tor  starting  relay  that  disengages  the  start 
v^inding  by  the  movement  of  a  thermal  wire;  used  on  small  frdCtional 
horsepower  motors 

G.    Control  relay-Electromagnetic  switch  that  controls  a  line  voltage  load  by 
means  of  control  voltage' 

Pilot  dUty-An  e'ectrical  rating  applied  to  devices  used  to  energize  and 
de-energize  pilot  (control)  circuits 

II     Motot-  -starting  relays  (Transparency  1) 

A.  Voltage  relay  (potential) 

B.  Current  relay 

1.  Coil 

2.  Hot  wire 
C     Solid  state  relay 

III.    Control  relay  switching  symbols 

(NOTE  Control  relays  are  available  with  many  vanations  of  switches.  The 
common  switching  arrangements  are  given  below.) 

A     Single  pole  single  throw,  normally  open  (SPST,  N.O.) 

o  1  I  -o 
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B.  Single  pole- single  throt^,  normally  closed ' (SPST,  N.Cj) 

o  -^^^  o 

C.  Sinqle  pole  double  throw  (SPOT)' 

D.  Double  pole  single  throw,  normally  open  (DPST,>  N.O.) 

O  ^  \  I  O  ^ 


E.  Double  pole  single  throw,  normally  closed  (DPST;  N.C.)  (. 

'    '        O  ^4  o 

O,  ■  H^-:  O 

F.  Double  pole  single  throw,  normally  closed  and  normalls  open  (DPST,  N.O. 
and  N.O.) 

-  o  1 1 — ^ — o  .  ■ 

o  H  o 

(NOTE.  Circuit  diagrarjns  will  always  st^ow  a  r|^ay  in  the  de-energized 
position. 1^ 

Relay  terminal  markings 

A.    Current  relays  and  solfd  ^ate 

(NOTE:  Current  relay?  include  both  hot-wire  and  coil  type.)  ^ 

1.  Terminal  "L"  connects  to  line  voltage 

2.  Terminal  "M"  connects  to  motor  run  winding  \* 

(NOTE;  Some  relay  manufacturers  may  mark  this  terminal  with 
an    R  X 

3.  Terj^inal  "S"  connects  to  motor  start  winding 

(NOTE:  Some  relay  manufacturers  mark  this  t^minal  with  a  "P" 
J  for  phase  winding  and  others'^mark  it  with  an  "A"  for  auxiliary 

winding.) 

4.  Terminals  #1  and  #2  are  points  for  wire  conr  ^^t^ons 

•  V       (NOTE  These  terminals  are  not  connected  to  the  internal  working 
components  of  the  relay  )  •  ^  * 
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B      Voltage  relays  (p'^tpntMl) 

(NOTE    Solid  state  relays ^used  for  this  application  have  two  unmarked 
terrrimals  vvmch  connect  lO  the  run  capacitor  ternninals.)  . 

1  Termi{,al  #1  connects  to  start  capac'tor 

2  Terminal  #2  connects  to  mctor^  start  vyinding 

3  Ternntnal  #5  ':onnects  to  motor  comnncJn  terminsi 

4  Termmals.  #3,  #4,  and  #6  are  points  for  ^i''e  connecti^JNs 

{NOTE:  These  terminals  are  not  connected  to  the  internal  working 
components  of  the  relay,) 

(NOTE    Con^trol  relays  such  a'^  fan  relaysthave  their  terfnmal  markings  '  , 
ident^fted  on  the  side    f  the  relay.) 

(CAUTION;  Do  not  connect  line  Voltage  leads  onto  the  low  voltage  coil 
terminals  of  a  cont^'ol  re. ay  becausp  this  would  rum  the  relay.) 

V     SelectiGn  specif tcations  of  motor  relays 

A     Current  relay  (coil  type) 

1.       Original  relay  part  njmoer 

'    2.     '  Compressor  motor  model  number 

3.       Compressor  rriOtor  horsepower 

4  Voltaqe 

5.  Positional 

•  6.        Equipment  'aiodel  and  serial  number 

B      Current  relay  (hot  wire  type) 

,  1      .  Original  relay  part  number 

2  Conif)ressor  motpr  horsepower 

3  ,     Compressor  motoV  amperage 

4  Voltage  -        ^  ' 
L        Equi[)ment  model  and  serial  number 
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Voltaye  relay  (potential) 

1        Original  relay  part  number 
2.        Compressor  motor  horsepower 

3  Line  voltage 

4  Constant  coil  voltage 

(NOTE-  The  constant  coil  voltage  ts  the  back  EMF  generated  in 
the  compresijor  motor  sta^t  wmdmg  ) 

5  Pick  up  voltage 

6  Dropcut  voltage 
Sohd  state  relay 

1.  One  size  replaces  all  current  relays  on  1/12  thru  1/2  horsenower 
compressor  motors 

2.  One  size  replaces  aH  hard  start  kits  on  1/2  thru  5  horsepower 
permanent  split  capacitor  ccmpressc  motors 

3  Nonposftiondi 

4  ^  Line  voUdge 

(MOTE    This  type  of  relay  is  not  recommended  for  use  on 

noru^c^ualfzed  systems  ) 

Control  relay 

1  Ongmal  relay  part  number 

2.  Coti  voltaye 

3  FuM  load  amperage  ot  load  being  controlled 

4  Locked  rotor  amperage  of  load  being  controlled 

5  Switch  arrangements 

0  Lcuid  horsef)ov^A'r 
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VI.  Specifications  of  contactors  (Transparency  2) 
A     Original  contactor  part  number 

B,  Full  load  amperage  of  load 

C.  Locked  rotor  amperage  of  load 

D.  Number  and  positions  of  poles 

E,  '    Coil  voltage 

F'.     Dimensions  of  contactor 

VII.  Time  delay  relays  (Transparency  3) 
A.   , Characteristics 

1.  Delays  or  sequences  the  energizing  of  loads 

Example  This  tyoe  of  relay  is  commonly  used  for  electric 
heating  to  prevent  the  total  load  from  coming  on 
at  one  time 

2  Pilot  voltage  controlled 

3  Line  voltage  contacts 

'  (NOTE  Some  relays  will  have  low  voltage  contacts  in  addition 
to  line  voltage  contacts  Do  not  get  the  two  sets  of  contacts 
confused.) 

B  Types 

1        Thermal  warp  switch 

2.  Magnetic  coil  and  lever  in  an  oil  filled  cavity 
3        Motorized  with  cam  actuated  coitacts 

VIM.    Connectmg  winng  cf  a  hot  wire  relay  (Transparency  4) 
IX     Connecting  wiring  of  a  current  relay  (coil  tyoe)  (Transparency  5) 
X     Connecting  wiring  of  a  potential  relay  (Transparency  6) 
XL    Connecting  wiring  of  a  fan  relay  (Transparency  7) 
XI!     Coni^ectincj  wring  of  a  contactor  (Transparency  8) 


Motor  Starting  Relays 


Current  Relay  (Coil  Type) 


Solid-State  Relay 
For  PSC  Compressor 


Solid-State  Relay 


1  ® 

eee 

L  © 

1 

Voltage  Relay  (Potential) 


Current  Relay  (Hot  Wire) 
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Wiring  For  A  Hot  Wire  Relay 


120  Volts  A  C. 


WiriM  For  A  Current  Relay  (Coil  Type) 


Compressor  Motor 


120  Volts  A  C. 


Wiring  For  A  Potential  Relay 


i 


Start 
Capacitor 


1 


Ble^d 
Resistor 


L1  L2 


Compressor*  Motor 


Wiring  For  A  Fan  Relay 


LI  _  . 

Power  Supply 
L2  


Relay  Contacts 


Fan  Motor 

Controller 
 o^<^ 


Transformer 


Prinnary  Jr|_Jy.  Secondary 


Relay 
Coil 
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Wiring  For  A  Contactor 

f 


Primary 


LI 


Power  Supply 

IZ  


Compressor  Motor 


Secondary 


transformer 


Contactor 


Controller 


ERIC 


216 


ACR  It  75-B 


RELAYS 
UNIT  II 


JOB  SHEET  #1WIRE  A  CURRENT  r.LLAV  (HOT  WIRE) 

I     '6lf'jl'5  and  materials  ^  ^ 

A     Screwdriver  ("Standard  slot) 

B     Screw  starter 

C     Needle  nose  pliers 

CT.     Hoi  wire  relay  ^ 

E  Refrig^^^timT^^ 
il  Procedure 

A     C^^eck  to  be  sure  the  electrital  power  is  disconnected  from  system 

(CAUTION-  Discharge  start  capacitor  with  a  bleed  resistor  if  the  starting 
circuit  has  one.)  «' 


B  Check  horsepower  and  voltage  rating  of  compressor  motor 

C  Check  relay  to  be  sure  that 'it  is  the  proper  size  for  the  compressor  motor 

D.  -Remoye  existiri'g  relay  and  wires  from  compressor  motor  terminals 

E  Mark  each  wire  as  to  Its^  point  of  connection  as  it  is  removed 

(NOTE"  When  you  are  changing  an  eleotrical  component,  it  is  always  a 
good  idea  to  identify  the  location  ofeach  wire  as  it  is  removed.) 

Connect  line  voltage  wire  to  "L"  on  the  relay    \  . 

(NO^E.  The  temperature  control*  should  be  in  the  line  wire.  Refer  to  ^ 
rtansparency  for  a  wring  diagram.)  »    '  9 

G.    Connect  a  wire  from  ''S"  on  the  relay  to  the  start  terminal  on  tfie 
compressor  motor  , 

,         (NOTC   JT  the  system  requires  a  start  capacitor  it  must  go  in  series  between 
-  "5"  on  the  relay  and  the  compressor  motor  start  terminal  ) 

H     Connect  a  wire  fronv"M'  on  the  relay  to  the  run  terminal  on  the  cor^pressor  *  ^ 
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ConnF::t  the  otfter  srde  of  tne  line  voltage  wire  to  the  con  pressor  motor 
common  terminal 


Have  instructor  inspect 
Connect  electrical  power 
Close  temperature  control 

(CAUTkON:  If  the  compressor  motor  does  not  start  or  if  it  short  cycles, 
disconnect  the  power  and  recheck  procedure.) 

Clean  up  and  put  away  tools 


(NOTE-  An  external  overload  is  not  "used  with  a  hot  wire  relay.) 
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JOB  SHEET  ^2  .VIRE  A  CURRENT  RELAY  (COIL  TYPE) 

Tools  and  matenals 

A     Screwdriver  (standdrd  slot) 

B     Screw  :)tarter 

C      i^eedie  nose  pliers 

D     Current  relay 

E      Refrigeration  system 

P^'ocedure 

A     Check  to  be  sure  the  electrical  power  is  disconnected  from  system 

(CAUTION*  Discharge  start  capacitor  with  a  bleed  resistor  if  the  starting 
circuit  has  one.) 

B  Check  horsepower  and  voltage  rating  of  compressor  motor 

C  Check  relay  to  be  sure  that  it  is  the  proper  size  for  the  compressor  motor 

D  Remove  existing  relay  and  wires  from  comprersor  motor  terminals 

E  Mark  each  wire  as  to  its  point  of  connection  as  it  is  removed 

(NOTE'  Wh6n  you  are  changing  an  electrical  component,  it  is  always  a 
good  idea  to  identify  the  location  of  each  wire  as  it  is  removed  ) 

F      Connect  line  voltage  wire  to  ''L"  on  the  relay 

{NO'^E-  The  temperature  control  would  be  in  this  electrical  line  wire  Refer 
to  transparency  for  a  wiring  diagram.) 

G     Connect  a  wire  from  "S"  on  the  relay  to  the  start  terminal  on  the 
compressor  motor 

(NOTE'  If  the  svstem  requires  a  sta-'t  capacitor,  it  must  go  in  series  b^^^ween 
"S"  on  the  relay  and  the  compressor  motor  start  terminal.) 

Cctnnpct  a  wire  from  "M''  on  the  rplay  to  the  run  terminal  on  tht-  compressor 


JOB  SHEET  #2 

Connect  the  other  side  of  the  line  to  the  compressor  motor  external  overload 
Mount  the  relay  in  the  proper  position 

(NOTE:  Coil  type  current  relays  must  be  mounted  in  the  proper  position 
to  nrevent  the  start  contacts  from  remaining  closed.) 

Have  instructor  inspect 
Connect  electrical  powe*' 

Close  temperature  control  .  v 

(CAUTIQN:  If  the  compressor  motor  does  not  start  or  if  it  shop  cycles, 
disconnect  the  power  and  recheck  procedure.)  \^ 

Clean  up  and  put  away  tools 
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UNIT  II 


JOB  SHEET  ^3  WIRE  A  POTENTIAL  RELAY 


I     Tools  and  materials 

A  Screwdriver  (standard  slot) 

B  Screw  starter 

C  Needle  nose  pliers 

D  Pot.iitial  relay 

E  Refrigeration  system 

F  Start  c  oacitor 
li.  Procedure 

A  Check  to  be  sure  the  electrical  power  is  disconnected 

B  Check  horsepower  and  voltage  rating  of  compressor  motor 

C  Check  relay  to  be  sure  that  it  is  the  proper  size  for  the  compressor  motor 

U  Remove  existing  relay  and  wires  from  compressor  motor  termindls 

E.  Mark  eacn  wire  as  to  its  point  of  connection  as  it  is  removed 

(NOTE  When  you  are  changing  dn  electrical  component,  tt  is  aivvays  a 
good  idea  to  identify  the  location  of  each  wire  ds  it  is  removed  i 

F      Connect  one  side  of  line  voltage  to  one  of  the  start  CdPcirUor  ternn^^  -Is 

G     ConnecL  a  wire  from  the  remaining  start  capacitor  terr   lal  to  ^1  on  the 


(NOTE  The  start  capacitor  should  be  txiuipped  with  a  bltM;<]  resistor) 
H     Connect  a  wir'e  from  #2  on  the  relay  to  the  start  ter.nindl  oi^  M>n  roMViressoi 


potential  relay 


(onof'Ct  a  wirr  from  #5  on  the  relay  to  the  common  ipiiu.'  .'! 
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(NOTE:  This  wire  may  connect  to  one  side  of  an  external  overload 
depending  on  the  system  used  Check  with  the  instructor  if  in  doubt.) 

J      Have  instructor  inspect 

K     Connect  electrical  pov^/er 

L     Close  temperatute  control 

(CAUTION  If  the  compressor  motor  do^s  not  start  or  if  it  short  cycle', 
disconnect  the  power  and  recheck  procedure.) 

M     Clean  up  anti  put  away  tools 
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JOB  SHEET  #4-WIRE  A  FAN  RELAY 

I.  Tools  and  materials 

A.  Screwdriver  (standard  slot) 

B.  Screw  starter 

C.  Needle  nose  pliers 

D.  Fan  relay 

E.  Blower  unit  with  24  V.A.C.  control 

II.  Procedure 

A.  .  Check  to  be  sure  the  electrical  power  is  disconnected 

B.  Locate  the  "hot"  wire  going  to  the  fai  motor 

(NOTE:  This  would  be  the  wire  that  is  connected  to  the  black  wire  from 
the  power  supply.) 

C.  Place  the  line  voltage  contacts  of  the  relay  in  series  with  the  "hot"  wire 

(CAUTION:  Check  the  relay  and  be  sure  which  terminals  are  for  line  voltage 
and  which  are  for  low  voltage  before  connecting  any  wires.) 

D.  Connect  a^wire  from  one  side  of  the  relay  coil  to  the  secondary  common 
of  the  24  V.A.C.  transformer 

E.  Connect  the  other  side  of  the  relay  coil  to  a  control  switch 

(NOTE:  If  this  is  a  central  heating  and  cooling  system,  the  relay  coil  would 
probably  connect  to  a  green  wire  from  "G"  or  "F"  on  the  thermostat 
subbase.) 

F.  Have  instructor  inspect 

G.  Connect  electrical  power 

H.  Close  the  control  switch 

(NOTE:  If  the  fan  motor  does  not  start,  disconnect  the  electrical  power 
ana  recheck  the  procedure.) 

I      Clean  up  and  put  away  tools 


223 


ACR  II  ...  83-B 


RELAYS 
UNIT  II 

JOB  SfHFET  ^5  CHECK  RELAYS  WITH  AN  OHMMETER 

i      Tools  anrl  niatericjls 

A     CurauU  relay  (coi!  type) 

B      Potential  relay 

C  Ohrnmeter 
II  Procedure 

iNOTc    This  [procedure  will  not  work  to  check  a  nonpositional  relay  ) 

A     Zero  ohmmeter  m  R  x  1  scale 

(NOTE  All  electrical  power  must  be  disconnected  fron  the  system  and 
.iH  w'ires  chsconnerted  'roni  a  relay  when  checking  it  with  jn  ohmmeter  ) 

b      ^!dce  ohmmetbf  leads  on  "L"  and  "M"  terminals  of  the  curr^^^nt  relay 

C      HoUi  -e'ay  in  upr»ght  position 

r      Read  ohmmeter  scale 

■\OTE  If  the  otimnietor  reads  approximately  one  ohm  tlie  re!<i\  o-A  is 
nt'.^y,  [)ijt  if  It  reads  infinity,  the  relay  coil  is  open  ) 

E      \'ove  ohrritneter  lead  from  "L"  to  "S"  on  relay 

\OTE  if  tMp  olv>^'i!eter  reads  mfinity,  the  relay  contacts  are  operi  as  they 
v^'ui/ii  be   hui  'f  jt  has  a  low  resistance  readinq,  xhv  contacts  are  stuck 

r      Tiiff^  r  'i.     Lipside  down 

»^Mre  ofi'^^'^^eter  ieads  on  "M"  .md  "S"  terminals 

'\07E  M  t!  ohmmeter  has  a  low  resistance  reading,  thr-  contacts  ore 
c)i<ay,  [Mit     HiP  r-.'fjciinq  *s  mfin'ty  or  htqh  resistance,  contacts  are  fU)t  closinvi 

-J      Pij(H'  ofi'T^'^'^'^fM  lead^  on  te^niindls  #1  and  -2  of  the  potential  relay 

fNiM^'  It  tlie  ohmmet^n  reads  infinity  or  high  ^esistdnce  tliis  indicdtes 
fKf,--t,v,>  roi.iv  rr>rM>irts,  htj<  n'  liiere  is  a  /t-to  ohm  readme;  tiiis  indica'  s 

1.  >  >r.  i  <)n\.\i  Js  ' 
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I.      Move  ohmmeter  lead  from  termmal,  ^1  to  ^5^ 
J.     Read  the  ohmmeter 

(NOTE.  The  resistance  of  the  coiT  of  a  potential  relay  is  high  around  800 
ohms  due  to  the  many  turns  of  fine  wire  ) 

K     Hdve  the  instructor  check  your  work 

L.     Clean  up  and  put  away  tools  and  materials 
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RELAYS 
UNIT  II 


JOB  SHEET  #6  CHECK  RELAYS  WITH  A  VOLTMETER 


I.    Tools  and  rridtenals 


A 
3. 
C. 
D. 


F 
G 

H 


J 

K. 

L 

W 


Current  relays 
Potentiat  relay 
Voltmeter 

Re^rii^eration  systems 
sdure  - 

Place  voltmeter  function  switch  in  the  highest  AC  range 

Place  voltmeter  leads  on  the  "L"  and  "S"  terminals  of  a' current  relay 

Turn  on  refrigeration  system 

Read  voltmeter 

Select  lower  voltmeter  scale  if  the  meter  does  not  read  m  center  one-thrrd 


(NOTE  Voltage  reading  should  only  be  momentary  then  drop  to  zero. 
If  voltage  reading  exists. for  longer  than  ten  seconds,  disconnect  electric 
power  and  check  for  stuck  relay  contacts.) 

Place  voltmeter  function  switch  in  the  highest  AC  range 

Place  voltmeter  leads  on  the  #1  and  ^2  terminals  of  potential  relav 

Read  voltmeter  momentarily  after  startup 

(NOTE.  At  the  instant  of  start  the  voltmeter  will  read  zero,  but  as  soon 
as  the  compressor  motor  reaches  approximately  75%  of  its  running  speed, 
the  contacts  should  open  and  the  voltmeter  will  read  line  voltage  ) 

Place  the  voltmeter  leads  on  the  ^2  and  #5  terminals  of  the  potential 

relay 

Read  the  back  EMF  and  record 
Have  the  instructor  check 

Disconnect  electric  power  from  refrigeration  system 
Clean  uf)  and  put  away  meters 


22C 


ACR  II 


87-B 


RELAYS 
UNIT  II 


JOB  SHEET  #7--CHECK  RELAVS  WITH  AN  AMMETER 

I.  Tools  and  materials 

A.  Current  relays 

B.  Potential  relay 

C.  Annnneter  (clannp  on  type)  ^ 

D.  Refrigeration  systenns 

II.  Procedure 

A.  Place  annnneter  in  highest  scale 

B.  Clannp  annnneter  around  the  wire  fronn  the  "S"  ternninal  on  a  current  relay 

C.  Connect  electricity  to  refrigeration  systenn 

D.  Turn  on  refrigeration  systenn 

E.  Read  annperage  draw 

(NOTE:  Annperage  draw  should  only  be  nnonnentary  then  drop  to  zero. 
If  the  annperage  draw  does  not  drop  to  zero  after  about  ten  seconds,  '"^ 
disconnect  electricity  and  check  the  relay  for  stuck  contacts.) 

F.  Clannp  annnneter  around  the  wire  fronn  the        terminal  on  a  current  relay 
(NOTE:  The  refrigeratiop  system  should  be  running.) 

G.  Select  ammeter  scale  that  will  give  a  center  scale  reading 

H.  Check  refrigeration  systems  data  plate  to  obtain  F.L.A. 

I.  Compare  the  rated  F.L.A.  to  the  ammeter  readmg 
J.     Have  instructor  check 

K.    Place  ammeter  in  highest  scale 

L.    Clamp  ammeter  aound  the  wire  from  terminal  #2  on  a  potential  relay 
M.    Start  refrigeration  system 
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N.    Read  amperage  draw 

(NOTE:  Amperage  draw  should  ooly  be  momentary  then  drop  off.  The-a  ' 
may  be  a  slight  amperage  draw  due  to  the  back  EMF.) 

0.  Have  instructor  check 

P.  Stop  refrigeration  system 

0.  Disconnect  electricity 

R.  Clean  up  and  put  away  tools  , 
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NAME 


TEST 


M?tch  the  terms  on  the  right  to  the  correct  defini 

 a.  Motor  starting  relay  that  di'^engages  the 

start  winding  after  the  compressor  motor 
reaches  75%  of  .its  rated  speed;  used  on 
fractional  horsepower  motors 


Electromagnetic  switch  that  controls  a 
line  voltage  load  by  means  of  control 
voltage 


c.  Provides  a  predetermined  interval 
between  operations  of  a  device 

d.  Motor  starting  relay  th^t  operates  off  of 
the  back  EMF  generated  in  the  start 
winding;  used  primarily  on  1/2  h.p.  or 
larger  motors 

e    Electrorrjagnetic  switch 


f.  Motor  starting  relay  -that  disengages'  the 
start  winding  by  the  movement  qf  a 
thermal  wire;  used  on  small  fractional 
horsepower  motors 

g.  Magnetic  relay   switch  which  usually^ 
opens  and  closes  a  line  voltage  circuit, 
actuated  by  a  control  circuit  magnetic 
coil 

_h.  An  electrical  lating  applied  to  devices 
used  to  energfze  and  de-energize  pilot 
(cor^trol)  circufts 


IdenttfVy^the  motor  starting  relays. 


tions. 

•  1- , 

2. 

3. 
4," 

5. 
6. 
7. 


Potential 
relay 

Control  relay 
Relay 

Current  relay 
(coil  type) 

Pilot  duty 

Contactor 

Current  relay 
(hot-wire  type)^ 


Time  delay 
relay 


a. 


b. 
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Identify  the  control  rday  switching  symbols. 


a. 


O- 


-o 


o 


e. 


Ch 


4^ 


4.    .   Match  the  cornpononts  on  the  r>ght  to  the  corrfjct  relay  terminal  markings. 


a.  ^1  voltage  relay 

b.  "L^'  current  .or  solid  sta\e  relay 

c.  ,#2  current  rc'jy 

iV  "M'^  current  or  solid  slate  reldy 

e  #b  voltage  relay 
f.    #6  voltage  ^f^elay 


y  "S"  current  or  solid  state  reld 
h  "  "Ittiije  {'"lay 


1.  Motor  start 
winding 

2.  Line  voltage 

3.  Wir^  connections 

^.        IVfotor  run 
wmdinq 

5  Motor  (  omnK)n 
terminal 

6  Start  cap  k  U)\ 
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List  the  selection  specifications  of  motor  relays. 

a.  Current  relay  (coil  type) 

1) 
,2) 
3) 
4) 
5) 

b.  Current  relay  (hot  wire  type) 

1) 
2) 

3). 

4) 

5) 

c.  Voltage  relay  (potential) 

1) 
2) 
3) 
4) 

5)  *  ' 

6) 

d.  Solid  state  rela, 

1)  - 
2) 
3) 
4i 
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J 


Control  relay 

2) 
\) 
4) 
■.  5) 


*  ,  - 


List  the  six"  specmcations  of,  a  contactor. 

a.  ■ 

b. 

I 

c. 
d. 

» 

e. 
f. 

Discuss  the  characteristics  and  types  nf  timedelfiy  relays. 
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Draw  the  connecting  wiring  of  a  hot  wire  relay. 


Draw  tiie  connecting  wiring  of  a  current  relay  (coil  type). 
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10.       Draw  the  connecting  wiring  of  a  potential  relay 


LI  1-2 


5 

11.       Draw  che  connecting  wiring  of  d  fan  relay 


LI 


Power  Supply 
L2  ^ 


Relay  Contacts 


r 


Prima»'y 

Transformer 


Fan  Motor 


Controller 
Secondary 


Relay  Coi 
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12.        Draw  the  connecting  wiring  of  a  contactor. 


Transformer 
Primary  p-»  Secondary 


Power  Supply 
L2  — 


o 

Controller 


Compressor  Motor 


Contactor 


13.       Demonstrate  the  ability  to' 

a.  Wire  a  current  relay  (hot  wire). 

b.  Wtre  a  current  rt;!ay  (coil  type) 

c.  Wire  a  potential  relay 

d.  Wire  a  fan  relay. 

e.  Che' K  relays  with  an  ohmnneter. 
f      Check  relays  with  a  voitnneter. 
g.     Check  relays  with  an  amnneter, 

(NOTE:  If  these  activities  have  not  been  accon^»phshed  prior  to  the  test,  ask 
your  nstructor  when  tl^  ^y  should  be  connpleted  ) 
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RELAYS 
UNIT  II 

ANSWERS  TO  TEST 

1.  a.  4  e.  3 

b.  2  .       f.  7 

c.  8  g.  6 

d.  1  ..h.  5 

2.  a.  Current  relay  (hot  wire  type) 

b.  Voltage  relay  (potential) 

c.  Current  relay  (coil  type) 

d.  Solid  state  relay 

3.  a.  Single  pole  double  chrow  (SPOT) 

b.  Double  pole  single  throw,  normally  closed  and  normally  open  (DPST,  N.C, 
and  N.O.) 

c.  Single  pole  single  throw,  normally  open  (SPST,  N.O.) 

d.  Double  pole  single  throw,  normally  open  (DPST,  N.O.) 

e.  Single  pole  single  throw,  normally  closed  (SPS*^,  N.C.) 

f.  Double  pole  single  throw,  normally  closed  (DPST,  N.C.) 

4.  a.     6  e.  5 

b.  2  f.  3 

c.  3  ^'  g.  1 

d.  4  h.  1 

5.  a.     Current  relay  (coil  type) 

1)  Original  relay  part  number 

2)  Connpressor  motor  model  number 

3)  Compressor  motor  horsepower 

4)  Voltage 

5)  Positional 

6)  Equipment  model  and  serial  number 
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Current 

relay  (hot  wire  type) 

1) 

Original  relay  part  number 

2) 

Compressor  motor  horsepower 

3) 

Compressor  motor  amperage 

4) 

Voltage 

5) 

Equipment  model  and  serial  number 

Voltage 

relay  (potential) 

1) 

Original  relay  part  number 

2) 

Compressor  moior  horsepower 

3) 

I  me  voltage 

4) 

Constant  coil  voltage 

5) 

Pick  up  voltage 

6) 

Dropout  voltage 

Solid  state  relay 

1)  One  size  replaces  all  current  relays  on  1/12  thru  1/2  horsepcv^er 
compressor  motors 

2)  One  size  replaces  all  hard  start  kits  on  1/2  thru  5  horsepower 
permanent  split  capacitor  compressor  motors 

3)  Nonpositional 

4)  Line  voltage 
Control  relay 

1)  Original  relay  part  number 

2)  Coll  voltage 

3)  Full  load  amperage  of  load  being  controlled 

4)  Locked  rotor  amperage  of  load  being  controlled 

5)  Switch  arrangements 

6)  Load  Horsepower 
Ongina'  contactor  part  number 
Full  load  amperage  of  load 
Locked  rotor  amperage  of  load 
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d.  Number  and  positions  of  poles 

e.  Coil  voltage 

f.  Dimensions  of  fcontactor 

« 

Discussion  should  incl^jde: 
a.  Characteristics 

1)       Delays  or*  sequences  the  energizing  of  loads 
Pilot  voltayp  controlled 
Line  voltage, contacts 


2) 
3) 
Types 
1) 
2) 
3) 


Thermal  warp  switch 

Magnetic  coil  and  lever  in  an  oil  filled  cavity 
Motorized  with  cam  actuated  contacts 


Hot'Wire  Relay 


Compressor  Motor 


120  Volts  A.C. 


9. 


To  Thermostat  Or  Switch 


Compressor  Motor 
M 


^    J       Start  Capacitor 

Relay  Contacts 
Normally  Open 
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11. 


LI  -  

Power  Supply 
L2   


Relay  Contacts 


4h 


Fan  Motor 


I  Relay  CoMt 


Controller  L  


Primary    LJ  Secondary 
Transformer 


r 
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12. 


Transformer 


LI 


Power  Supply 
L2   


Primary 


Sricondary     ^  ^ 


Controller 


Contactor 


Comoressor  Motor 


13.        Performance  skills  evaluated  to  the  satisfactJon  of  the  instructor 


2  id 
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PROTECTION  DEVICES 
UNIT  III 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  nnatch  terms  to  the  correct 
definitions,  identify  common  types  of  protection  devices,  and  discuss  their  operations. 
The  student  should  also  be  able  to  list  national  electrical  code  requirements  pertaining 
to  fuses  and  circuit  breakers.  This  knowledge  will  be  evidenced  through  demonstration 
and  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  protection  devices  to  the  correct  definitions. 

2.  Identify  types  of  overcurrent  protection  devices. 

3.  Describe  the  operation  of  a  single  element  fuse. 

4.  Describe  the  operation  of  a  time  delay  fuse. 

5.  Describe  the  operation  of  a  circuit  breaker. 

6.  -     List  national  electrical  code  requirements  pertaining  to  fuses  that  are  less 

than  600v. 

7.  List  four  national  ehicfical  code  requirements  pertaining  to  circuit  breakers 
that  are  less  than  600v. 

8-       Identify  the  types  of  pressure  actuated  protection  devices. 

9.       Describe  the  pressure  actuated  protection  devices. 
10.       Identify  the  types  of  electrical  system  protection  devices, 
n.       Describe  the  electrical  system  protection  devices. 
12.       Demonstrate  the  ability  to: 

a      Adjust  a  high  pressure  switch. 

b.  Adjust  a  low  pressure  switch. 

c.  Install  an  oil  pressure  switch, 
(i      install  a  lockout  relay. 

0      Check  d  solid  state  compressor  motor  protector. 


ERiC 
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PROTECTION  DEVICES 
UNIT  III 

1 

SUGGESTED  ACTIVITIES 


I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies.  % 

D.  Diiicuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Discuss  use  of  the  national  electrical  code. 

H.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Comolete  job  sheets. 

D.  Tai<e  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  information  sheet 

C.  Transparency  masters 

1»       TM  1--0vercurrent  Protection  Devices 

2.  TM  2--H0W  a  Fuse  Works 

3.  TM  3-How  a  Time  Delay  Fuse  Works 
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4. 

TM 

4-- How  a  Circuit  Breaker  Works 

5. 

TM 

5--Pressure  Actuated  Protection  Devices 

6. 

TM 

6--0il  Pressure  Switch  Wiring  Diagram 

7. 

TM 

7--LOW  Pressure  Switch  Wiring  Diagram 

8. 

TM  8 -High  Pressure  Switch  Wiring  Diagram 

9. 

TM 

9 -Dual  Pressure  Switch  Wiring  Diagram 

10. 

TM 

10-Electrical  System  Protection  Devices 

11. 

TM 

11-Lockout  Relay  Wiring  Diagram 

D.  Job  sheets 

1.  Job  Sheet  #1"Adjust  a  High  Pressure  Switch 

2.  Job  Sheet  #2- Adjust  a  Low  Pressure  Switch 

3.  Job  Sheet  #3"lnstall  an  Oil  Pressure  Switch 

4.  Job  Sheet  #4 -Install  a  Lockout  Relay 

5.  Job  Sheet  #5--Check  a  Solid-Btate  Compressor  Motor  Protector 

E.  Te«t 

F.  Answers  to  test  ^ 
References: 

A.  Maintaining  the  Lighting  and  Wiring  System,  Athers,  Georgia:  American 
Association" for  Vocational  Instructional  Materials,  1971. 

B.  Protection  Handbook,  St.  Louis,  Missourr.  Bussman  M.F.G. 
Division/McGraw-Edison  Co.,  1972, 

C.  National  Electrical  Code,  Boston,  Massachusetts:  National  Fire  Protection 
Association,  1974. 

D.  Langley,  B.  C.  Electric  Controls  for  Refrigeration  and  Air  Conditioning. 
Englewood  Cliffb,  New  Jersey:  Prentice-Hall,  Inc., '1974. 

E.  Althouse,  Andrew  D.,  Turnquist,  Carl  H.;  and  Bracciano,  Alfred  F.  Modern 
Refrigeration  and  Air  Conditioning,  Homewood,  Illinois:  Guodheart-Willcox 
Co.,  1975. 
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\  \    'PROTECTION  DEVICES 

^  y  '  '         UWIT  III 


INFORMATION  SHEET 


I.    Terms  and  definitions 

A.  Overcurrent  protection-Weak  link  in  the  circuit  that  limits  the  amperage 
to  a  specified  amount 

B.  Short  circuit-Unintentional  grounding  of  a  conductor 

C.  Circuit  breaker-  Overcurrent  device  that  trips  on  overloads  or  shorts  and 
IS  resettable 

D.  Fuse-Overcurrent  device  which  contains  an  e(j)fement  or  elements  which  melt 
^  and  open  the  circuit  due  to  a-  short  or  overload 

/ 

E.  '^  Protection  device-Electrical  equipment  that  carries  or  transf^s  current  but 
^      does  not  use  it  ^ 

Ground  fault  interrupter-Sensitive  personal  pVotection  current  limiting 
device  that  opens  the  circuit  when  current  leaks  to  ground 

» 

Ferrule  type  cartridge  fuse-Fuse  with  metal  caps  on  a  cylindrical  case 

H.    Edison  base  plug  fuse-Fuse  with  B  base  that  fits  the  same  socket  as  a  regular 
based  incandescent  bulb  i 

'  /  I.     Type    "S'"    plug   fuse-Fuse   with    special   threads^^for  each  amperage 
classification  , 


1     Blade  t^yp^  cartridge  fuse-Fuse  with  flat  contact  blades  on  a  cylindrical 
case 

K.    Pressure  controls-Pressure  operated  switch 

L.     Oil  failure  controls-Switching  device  that  will  shut  the  compressor  off  due 
to  low  lubricating  pressure 

M.    Manual  reset -Protection  device  that  must  be  reset  manually  after  it  has 
interrupted  t|ie  circuit  due  to  an  urxjsual  circuit  co^Hitjor. 

Nr  Automatic  reset-Protection  device  that  will  reset  itself  after  an  unusual 
circuit  condition  no  longer  exists 

0.    Pilot  duty-Protection  device  that  will  interrupt  the  control  circLiit 
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P.     Line  duty -Protection  device  that  will  interrupt  the  line*voltag  :ircuit 

Q.  Lockout  relay-Protection  device  that  will  prevent  the  conr^pressor  from 
coming  back  on  after  it  has  shut  off  due  to  an  unusual  circuit  conditlcfti 
and  will  not  reset  until  tfte  power  is  interrupted 

Types  of  overcurrent  protection  devices  (Transparency  1) 

A.  Blade  type  cartridge  fuse 

B.  Ferrule  type  cartridge  fuse 

(NOTE:  Adapters  are  available  for  using  low  amperage  cartridge  fuses  in 
fuse  holders  designed  for  high  aniperage  cartridge  fuses.) 

C.  Jype  "S"  plug  fus6 

(NOTE.  Adapters  are  available  forSjsir,g  this  type  of  fi^e  in  place  of  the 
Edison  base  plug  fuse.) 

D.  Edison  base  plug  fuse 

E.  Circuit  breaker 

F.  Fusible  link  , 

INOTE;  These  are  used  in  cartridge  type  fuses  which  require  different 
ampere  links.) 

Operation  of  a  Sifligle  element  fuse  (Transparency  2) 

A.  Fuses  contain  a  current  limiting  link  that  will  allow  a  set  amount  of  current 
to'  exist  in  the  circuit 

B.  When  a  short  circuit  or  overload  exists  in  the  circuit  the  link  becomes  hot 

C.  The  low  melting  point  of  the  link  causes  it  to  break  or  open  if  the  overload 
continues       ,  / 

Operation  of  a  time  delay  fuse  (Transparency  3) 

A.    A  time  delay  fuse  has  a  spring  loaded  link  ^hich  has  one  end  embedded 
in  3  solder  cup* 

B     A  short  Circuit  will  cause  the  link  to  break 

C     An  overload  will  cause  the  solder  holding  the  spring  loaded  link  to  soften 

D.  If  the  overload  continues,  the  solder  will  soften  enough  to  let  the  spring 
pull  the  link  free  and  open  the  circuit 
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INFORMATION  SHEET 


V.  Operation  of  a  circuit  breaker  (Transparency  4) 

A.  A  cifcuit  breaker  has  a  set  of  intemal  contacts  that  are  held  together  when 
the  breaker  is  m  the  "on"  position  by  a  trigger 

B.  0  ^  Met  IS  situated  on  a  bimetallic  strip  which  will  be  under  rapid 
heat        qe  due  to  the  differerit  expansion  rates  of  the  metal 

C.  If  tl-e  heat  becomes  extreme  enough,  cue  to  an  overload  or  short,  the 
bending  of  the  bimetallic  strip  will  cause  the  trigger  to  trip  and  the  circuit 
will  open 

VI.  National  electric  code  ^'^nuirements  for  fuses  that  are  less  than  600v 

A.  Plug  fuses  shall  not  be  used  in  circuits  exceeding  125  vo'*s  between 
conductors 

B.  Fuses  shall  be  marked  wi*h  their  amperage  rating 

C.  Plug  fuses  shall  be  classified  at  not  over  0  to  30  amperes 

D.  Edison  bas3  plug  fuses  can  be  used  only  as  replacements 

E.  Type  "S"  fuses  (fustats)  shall  be  classified  at  not  over  125  volts 

F.  Type  "S'  fuses  shall  be  f'asstficd  at  0  to  15,  16  to  20.  and  21  to  30 

amperes 

G.  Different  cjmpere  classes  of  type  "S"  fuses  are  not  mtci changeable 

H  Cartridge  fuses  shall  not  be  used  in  circuits  of  over  300  volts  between 
conductors 

I,  Cartridge  fuses  shall  be  marked  with  their  ampere  ra;ing,  voltage  ratinrj, 
and  the  name  or  trademark  of  the  manufacturer 

V!L    Natio.ial  electric  code  requirements  for  circuit  breakers  that  are  less  than  600v 

A     Shall  be  capable  of  being  manually  tripped  and  set 

P      Jill  have  a  visible  "off"  and  "on"  indication 

C  Shall  be  designed  S(  that  setting  of  tripping  amperage  riquiros  dis.Tiantling 
for  other  than  intended  adjustments 

D  Markings  and  r-jtings  on  breakers  of  less  than  100  amperes  shall  be  durable 
and  visible  after  installation 
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INFORMATION  SHEET 

V!ll.    Types  of  prcssun^  actuated  protection  devices  (Transparency  5) 
A     Oil  pressure  svv.tch 
B  Refrigerant 

1         Lov\'  pressure  switch 

2.  Hujh  pressure  switch 

3.  Dual  nressure  switch 
!X     Pressuf'^  actuated  protection  devices 

A     Oil  pressure  (Transparency  6) 

(NOTE  Tiie  differential  of  the  oil  or^ssure  switch  is  set  at  the  factory 
and  !t  IS  not  recommended  to  adjust  this  differential  in  the  field.) 

1  Opens  compressor  motor  control  circuit  in  case  of  low  oil  p'-essure 
2.        Built'!r~!  time  delay  prevents  nuisance  shut  dowr 

3  Connect  pressure  (me  labeled  "oil"  to  oil  pump 

4  Conrect   pressure   .ino   labeled   "low'    to   compressor  motor 
c^^^lXc^se 

5  [:icctric  ^I'y  »ate(i  tor  p.lut  duty 
r,         M'rMierae,;  lo.v  piessure  (Transpjrenc  7) 

1         Ooeni  LOmpre^sor  motor  contin'  circuit  if  th3  low  side  pressure 
drops  t)elL^  control  setting 

:>        Used  m  j,  rorxlitioning  systems  to  prevent  the  evapordtor  from 

fr^.^e/inn  nver 

3         Usf^  in  rrff  igrTdtion 

.1      Ct^'itrolb  cai)!net  temperature 

K      Controls  (ii  frost 
]         r,r^L-^:s  ti)   o^v  side  (f  compressor 


erJc  '''' 


• 


ACR  II  -  111-B 


INFORMATION  SHEET 

C.  Refrigerant  high  pressure  (Transparency  8) 

1.  Opens  compressor  motor  control  c'rcuit  when  high  side  pressure 
reaches  the  control  setting 

2.  Connertdd  lo  high  side  o^  system  where  it  cannot  be  valved  off 

3.  Used  in  air  conditioning  and  refrigeration 

4.  Manual  or  auto  reset 

D.  Refrigerant  dual  pres'^ur     .  .'ansparency  9) 

1.  Combines  bc^h  controls  in  one  housing 

2.  Operate  independently  of  each  other 
?.       Simplifies  wiring 

4.       Simplifies  mounting 
X.    Types  of  electrical  system  protection  devices  (Transparency  10) 
A.     Bimetal  overload 
'  B.     Magnetic  overload 

C.  Thermal  overload  relay 

D.  Lockout  relay 

E.  Solid-state  comp'^essor  motor  protector 
XI     F-Jectrical  system  protecfon  devices 

A.     Bimetal  overloads 

^       Two  types 

a.  Internal 

b.  External 

2.  Bimetal  disc  opens  and  closeii  a  set  of  contacts 

3.  Increase  temperature  causes  bimetal  to  warp  opening  motor  circuit 

4.  Voltages 

a.  Line  duty 

b.  Pilot  duty 
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5.  Automatic  reset 

6.  Manua'  reset 

(NOTE:  Manual  reset  bimetals  are  often  found  on  heating 
equipment  with  two  limit  switches.) 

Magnetic  overloads 

1.  Current  sen  Itive  magnetic  :oil 

2.  Pilot  duty  contacts 

3.  Automatic  or  manual  reset 

4.  Qve/load  coil  in  series  with  motor  winding 

5.  Overload  contacts  in  series  with  contactor  coil 
Thernrjal  overload  relay 

1.  Current  sensitive  heater 

2.  Pilot  duty  contacts 

3.  Automatic  or  manual  reset 

4.  Overload  relay  heater  in  series  with  motor  winding 

5.  Overload  contacts  in  series  with  contactor  coil 

Lockojt  relay  (Transparency' 1 1 ! 

1        Prevents  compressor  motor  from  coming  un  afeer  it  stops  on 
safet/ 

2.  Contacts  normally  closed 

3.  Contacts  in  series  witn  overload  and  pressure  switch  contacts 

4.  Coil  in  series  with  contactor  coil 

5.  Power  must  be  interrupted  to  relay  coil  to  restart  the  compressor 
motor 

Solid-state  comprecsor  mc-or  protectors 

1.  Quick  and  sensitive  reaction  to  temperature  change 

2.  Provides  phase  protection 

3-       Sensors  are  enclosed  m  the  motor  windings 

4.       Control  module  is  in  compressor  motor  terminal  box 
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How  A  Fuse  Works 


Short  Circuit 


w 

1  J 

1 

i 
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How  A  Time  Delay  Fuse  Works 
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How  A  Circuit  Breaker  Works 


^  t>  'j 


TM  4 
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Pressure  Actuated  Protection  Devices  ^ 
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Oil  Pressure  Switch  Wiring  Diagram 


230  V,  3  Phase 


Operating  Control 


^L1  ^ 


L2 


L3 


T3 
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Low  Pressure  Switch  Wiring  Diagram 


Cooling  Themostat 


Power  Supply 


24  V  Transformer 


230  V 


Low  Pressure  Switch 


Contactor 
Coil 


Compressor 


High  Pressu^  Switch  Wiring  Diagram 


Cooling  Thermostat 


230  V 


Power  Supply 


24  V  Transformer 


Hiqh  Pressure  Switch 


Contactor  Coil 


I  I 


;T1)  (T2 


Dual  Pressure  Switch  Wiring  Diagram 


230  V 


High  And  Low  Pressure  Controls 


Power  Supply 


24  V  Transformer 


Compressor 


> 

o 

3J 


Electrical  System  Protection  Devices 


Solid  State 


Lockout  Relay  Thermal  Overload  Relay 


Lockout  Relay  Wiring  Diagram 


Transformer 


Contactor  Coil 


LI  L2 


Pressure  Switch 

:^„Compressor 
Overload 
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PROTECTION  DEVICES 
UNIT  !!! 


JOB  SHEET  :?1-ADJUST  A  HIGH  PRESSURE  SWITCH 

!     Toots  and  materials 

A     Refrigeration  gauge  set 
B      Refrigeration  ratchet 

C.  Slot  type  screwdriver 

D.  Refrigeration  system  with  manual  reset  pressure  switches 

E,  Safety  glasses 

F,  Open  end  wrench 
11.  Procedure 

A     Put  on  safety  glasses 

B      instali  refrigeration  gauge  set 

C     Start  refrigeration  system 

D-    Ask  mstructor  or  check  manual  for  proper  cut-out  pressure 

(CAU"^'ON    Do  not  exceed  this  pressure.) 
E      Turn  adjusting  screw  until  the  pointer  aligns  with  the  proper  cut-out  pressure 

{NOTE   The  pointer  is  reference  only,  use  gauge  for  proper  sotting.) 
F      Block  air  or  shut  off  circulating  water 
G     Observe  high  side  pressure  reading 
H-     Record  pressure  that  the  oressure  switch  opens 
I       Reset  the  pressure  switch 
J      Ubscn  c  fiigh  side  pressure  reading 
K      Hdve  instructor  check 
L      Bdck  seat  service  valves 
^vl      'i;.r;»>  (jjufjo  set  hoses 
-i      P  Mnovf^  (]cUjf]f3  sf:t 
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PROTECTION  DEVICES 
UNIT  HI 

JOB  SHEET  :^2- ADJUST  A  LOW  PRESSURE  SWITCH 

L    Tools  and  materials 

A,    Refrigeration  gauge  set 
8.     Refrigeration  ratchet 
C     Slot  type  screwdriver 

D     Refngerat'on  syitenri  with  manual  reset  pressure  switches 
E      Safety  glasses  • 
F     Open  end  wrenches 
II  Procedure 

A.    Put  on  safety  glasses 

B      Install  refrigeration  gauge  set 

C     Start  refrigeration  system 

D     Ask  instructor  or  check  manual  for  proper  cut-in  and  cut-oiit  p'-essures 

E      Turn  adjusting  screws  until  the  pointer  aligns  with  the  nrcper  cut-m  and 
cut-out  pressure 

(NOTE:  The  pointer  is  reference  only,  use  gauge  for  proper  setting.) 

F      Front  seat  king  valve  or  liquid  line  valve 

(NOTE.  If  the  system  is  not  equipped  with  one  of  these  valvps,  parfaily 
front  seat  the  suction  service  valve  which  will  cruse  the  low  side  pressure 
to  drop.) 

G     Observe "H^w  side  pressure  reading 

H      Record  pressure  that  the  pressure  switch  opens 

I       Bc'iCk  seat  the  valve  enough  for  the  low  side  r  '-essure  to  gradually  nicrease 
J      Record  pressure  that  the  pressure  switch  Joses  . 

K      Pur't^  dovvn  systom  again 
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JOB  SHEET  v:2 

L  Cf'c  ck  /^ut  oi;t  r-ressure 

M  ^!lov\  low  ^ruc  f  r.^ssure  to  grjciuaily  incrt\ise 

N  C^'"ok  >  «it  r*"  pressure 

O  Hiv^^  in^tructof  check 

P  ^-et)0^it>U{^  \'3lvos 

0,  ^'wr(w  Hduqc  set  nos^.'S 

R       R.'fnnvo   qjuqe  set 

S-     C'eap  UD  and  nut  away  too's 

4 
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PROTECTION  DEVICES 
UNIT  III 


JOB  SHEET  #3-iNSTALL  AN  OIL  PRESSURE  SWITCH 


'  I.    Tools  and  materials 


A. 


Refrigeration  system  with  a  semi-hermetic  compressor  motor 


8, 


Oil  pressure  switch 


C, 


Standard  slot  type  screwdriver 


D.  Open  end  wrenches 

E.  Two  half  union  couplings  1/4  in,  MPT  x  1/4  in^  flare 

(NOTE:  Other  fittings  may  be  necessary  depending  on  the  brand  of 
compressor  motor  used.) 

F.  Refrigeration  gauge  set 

G.  Refrigeration  ratchet 

H.  Vacuum  pump 

I.  Soap  solution  with  brush 
J.  Safety  glasses 

II.  Procedure 

A     Put  on  safety  glasses 

t 

\ 

B.     Pump  down  system  to  5  p.  s.  i.  g. 


(NOTE:  The  systems  low  pressure  switch  will  have  to  be  by-passed  in  order 
to  achieve  pump  down.) 
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JOB  SHEET  #3 


C.     Mount  oil  pressu'-e  switch  bracket  on  the  end  of  the  compressor  motor 

(Figure  1)  '   •  . 

Compressor 
FIGURE  1  ^ 


Sight  Glass 

D     Carefully  remove  oil  fill  plug  fronn  compressor  motor  crankcase 
E      Replace  plug  with  1/4  irT  MPT  X  1/4  in.  flare  half  union  coupling 
F      Connect  low  pressure  side  of  oil  pressure  switch  to  this  coupling 

(NOTE.  Loop  the  tubi.^that  goes  to  the  switch  to  provide  a  vibration 

dampnor.)  I 

G  Remove  plug  from  compressor  oil  Dump 

H  Repicice  .^Ujg  with  a  1/4  in.  MPT  X         n:  flare 'half  unioa  coupling 

I  Cnnnert  hiqh  pressure  si^le  of  oil  pressure  switch  to  this^  coupling 

J  Pressurize  coiTH3/«s3or  motor  with  refrigerant  to  50  p.s.i.g. 

K.  C\^ck  fittings'  with  soap  ^plutton  for  leaks 

L  Dischar:]H  rl^c  refrigerant  i.sed  for  pressurizing 


yc 
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JOB  SHEET  ^3 


Connect  centre'  wiring  to  oii  pressure  switch 

{..OTE  The  wiring  diagram  shown  in  Figure  ?  is  an  example.  Different 
•control  manufacturers  may  varv  their  connections  some  but  they  all  are 
basically  the  same  Be  sure  and  check  the  direciions  that  come  v\/ith  the 
control  you  are  installing  ) 


FIGURE  2 


n  Connection  to  Crankcase 


Supply  In 


Q.f  f(:.ren^  ji  Pressure  Switch  ^ 


Heater 


Bi-Metai- 


Cu;''^'"-tiOP  tu  Ofi  Pump  Disch>irge 


Overloads 


Contactor  Coil 


BcH.k  seat  pump  down  valve 
Hjve  instructor  inspect  ^viring 
Sljrt  corr.pressor-  motor 

'\OTn,  The,  compress^^r  motor  w."  ^ave  ar)prox:mat,ely  t      minutes  for 
t'^r  ,',essures  to  s^ihll./e  before  the  btn^etdl  switch  in  the  oil  pressure  control 
v'ouid  stop  tiie  compressor  :notor  ) 

\{        itt^ck  system  pressures  . 

^      Bciel^  ^X'Jt  se^'vice  Vdlves  >  ' 

I       St  ' ^  f  ( 1 ' 1 1  p r'e sso r  r^io tor 

:rq*^  -nuq*:  set  hose^  ^ 
V      '"^>^',,'^v"  re  f  f  iqerjtion  s^'t 
/.      f    '  !\'  .e  se'v  ice  vjiv(>  c<in  ; 
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PROTECTION  DEVICES 
UNIT  III 


JOB  SHEET  #4--IWSTALL  A  LOCKOUT  RELAY 

I.    Tools  and  materials 

A.  Slot  type  screwdriver 

B.  Screw  starter 

C.  Long  nose  pliers 

D.  L  )ckout  relay 

E.  Air  conditioning  unit  with  a  contactor  and  pressure  switches 
f.    Safety  glasses 

W:  Procedure 

A.  Put  on  safety  glasses  • 

B.  Chen\  to  be  sjre  power  is  disconnected  tronn  unit 

C.  Locate  control  connpartnnent  on  condensing  unit 

D.  Wire  relay  contacts  in  series  with  overload  and  pressure  switch  contacts 


(Figure  1) 


L2 


f" 


Contactor  Coil 


Controller 
— 3  


■^H — ^ 


Overload 


\ 


1 

L1 


Transfornner 


FIGURE  1 


Pressure  Switch 


Compressor  Overload 
Lockout  Relay 

1— 


E     Wire  relay  coil  in  series  with  contactor  coil  and  parallel  to  the  safety  sv\'itch 
contacts 

F.  Have  instructor  inspect 

G.  Turn  on  electricity 

H.  Ten  on  air  conditiorujr 
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JOB  SHEET  #4 

I      Block  condenser 

(NOTE    Air  conditioner  should  stop  on  high  piessure  switcn  ' 
J,     Remove  condenser  air  blockage 
K,     Reset  high  pressure  switch 

(NOTE  It  the  lockout  relay  is  installed  properly  the*air  concii-u"> 
not  restart.) 

L.     Interrupt  control  circuit  voltage 

(NOTE:  This  may  be  done  ..t  the  subbase  on  the  thermostn*  or 
line  voltage  disconnect.) 

M     Connect  v  jitage 

(NOTE    Air  conditioner  should  not  start.) 

ivj.     Disconnect  oower  supply  from  ai^  conditioner 

0     Clean  ^'p  and  put  away  tools 


4 
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PROTECTION  DEVICES 
UNIT  III 

JOB  SHEET  ^5  CHECK  A  SOLID-STATE  COMPRESSOR  MOTOR  PROTECTOR 

I     Tools  and  materials 

A.  Jumper  wireb  (2) 

B.  Refrigeration  system  with  solid-state  compressor  motor  protector 
C     Safety  y'asses 

I L  Procedure 

A.  Put  on  safety  glas^^^s 

B.  Disconnect  electricity  from  system 

C      Allow  comprpssor  motor  to  cool 

(NOTE-  If  compressor  motor  circuit  is  open  on  the  overload,  it  should 
be  allowed  to  cool  for  at  least  or^e  hour  before  checkin-  solid-state  sensors.) 
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JOS  L^^IEtiT  ^5 


0      ConfT^'r*  ju'iujort  J- ^oss  !np  cofurol  tcrniinjis  ^Fiqure  1) 


J\OTE  if  tf'.L'  Lorr.prtssoi  motor  will  nut  operate  with  the  jumper  wires 
iM:,rjile(i   Vh"    m^.^  proi^l'jfn  ts  external  to  the  sohd-state  protection.) 


Contrc.^!  Cueint  Steo 


Pilot  Line  250 
V.A  C  MAX 


ACP  M 


JOS  SHEET  =^5 

Remove  junif)er  from  protection  relay  ^cntacts 
Cofuioct  eloctricity 

(NOTE  If  the  compressor  runs,  the  problem  will  he  vvit[>  ifie  intern, 
sensors.  A  defective  internal  sensor  can  only  be  repdirj^d  cor^^ress* 
replacerrent.) 

If  the  relay  is  fjefective,  replace  the  control  modulp 
Have  instructor  check  procedure 
Clean  up  bnd  put  away  tools 
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PROTECTION  DEVICES 
UNIT  II! 

NAME 


TEST 


1.       Match  the  terms  or  the  right  to  the  correct  definitions. 

d.  Fuse  wit:"»  a  hiisc  that  fits  the  s^me 
socket  as  a  regular  based  incandescent 
bulb 


b.  Oveccurrent  device  which  contains  an 
element  or  elements  which  melt  and 
open  the  circuit  due  to  a  short  or 
overload 

c.  Weak  link  in  the  circuit  that  limits  the 
amperage  to  a  specified  im£>unt 


__d.  Fuse   with   special    threads   for  each 
amperage  classification 

e.  Sensitive  oersonal  protection  current 
limiting  device  that  opens  the  circuit 
V\/hen  current  leaks  to  ground 

f.  Unintentional  grounding  of  a  conductor 


^g.  Llectrical    equipment   tho,    carries  or 
transfers  current  but  dees  not  use  it 

h.  Overcur'-enf  device  that  trips  on 
overloads  or  shorts  and  is  resett?ble 

J     Fuse  with  metal  caps  on  a  cylirrdrical 
case 

j.  Fuse  wi+h  flat  contact  blades  on  a 
cylindrical  case 

k  Protection  devicJ  that  w'll  interrupt  t^p 
~     line  voltage  circuit 

I.  Protection  device  that  must  be  reset 
n-^anually  after  it  has  interrupted  the 
circuit  duo  to  ai.  unusual  circuit 
condition 


1. 

Type  "S" 

plug  fuse 

2. 

Protection 

device 

3. 

Fuse 

4. 

Ovircurrent 

protection 

5. 

Circuit 

hrpakpr 

ft 

Fprriilp  tvnp 

cartridge  fuse 

7 

RIaHp  tvnp 

cartridge  fuse 

Q 

o. 

FHKnn  ha<\P 

plug  fusi? 

9. 

Ground  fault 

interrupter 

la 

Short  circuit 

11 

Pilot  duty 

12. 

Pressure 

controls 

13. 

Autom.^t.k. 

reset ' 

14 

Oil  failure 

controls 

15. 

ManujI  reset 

16 

Linf:  djty 

17 

Lockout  relay 

ERIC 
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(1    ,r''    Ihj?    ,;;!!    snut  tne 


Describe  the  ooeration  of  a  single  element  fuse. 


Describe  the  operation  of  a  time  delay  fuse. 


Describe  the  operation  of  a  circuit  breaker. 

• 


231 
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6.        List  seven  ridtional  ^ioctricM  c6(io  iequirements  ;u^r^  ur^ 
than  600v 

a 

o 
c 

(f 

f 

7         LiSl  four  rtU'r^^^    i^-tU.CJl  cxie  ttTiuirCflK-nts  pcrt..n}n 
ti 
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d. 


9.       Describe  ,the  pressure  actuated  protection  devices, 
3.     Oil  pressure 


b,     Refrigerant  low  pressure 


ERIC  . 
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c      Refrigerant  high  pressure 


d      Refrigerant  dual  prossure 
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1.      Muqrvr  c  overloads 


c      Th e rn^ j !  over' o tui  *  ^:  1  .ly 
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12         Di^f^:,'.  strdte  t^n^  jhuitv  i'^' 


.     .  ■  i 

'\C")TE    if  /^oso  jt^tiVitiM^  luR'j  .lot  rjuof)  dCComf)!ii.rK'(;  pnur  t(j  Ihc  tost,  dsk  | 
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PROTECTION  DEVICES 
UNIT  III 


ANSWERS  TO  TEST 

1.  a.     8  f.      10  'k.     16  p.  14 

b.  3  g.     2  I.  15  q.  ^17 

c.  4  h.     5  m.  12 

d.  1  i.      6  n.  11 

e.  9  j.      7  0.  13 

2.  a.  Blade  type  cartridge  fuse 

b.  Ferrule  type  cartr'rige  fuse 

c.  Type  "S"  plug  fuse 

d.  Edison  base  plug  fuse 

e.  Circuit  breaker 

f.  Fusible  link  ' 

3.  Description  should  include. 

a.     Fuses  contain  a  current  limiting  link  that  will  allow  a  set  amount  of  curreru 
10  exist  in  the  circuit 

b      When  a  short  circuit  or  overload  exists  in  the  circuit  the  link  becomes  hot 

c.     The  low  melting  point  of  the  link  causes  it  to  break  or  open  if  the  overload 
continues 

4.  Description  should  include: 

a.  A  time  delay  fuse  has  a  spring  loaded  link  which  h?s  one  end  ernbedded 
in  a  solder  cup 

b.  A  short  circuit  will  cause  the  lin  -  to  break 

c.  An  overload  will  cause  the  solder  holding  the  spring  loaded  link  to  soften 

d.  If  the  overload  continues,  the  solder  will  soften  enough  to  let  the  spring 
pull  the  link  free  and  open  the  circuit 
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5.  Description  should  include.  ^ 

a.  A  circuit  breaker  has  a  set  of  internal  contacts  that  are  held  together  when 
the  breaker  is  in  the  "on"  position  by  a  trigger 

b.  One  contact  is  situated  on  a  bimetailic  strip  which  will  bend  under  rapid 
heat  change  due  to  the  different  e'  pansion  rates  of  the  nnetal 

c.  If  the  heat  becomes  extreme  enough,  due  to  an  overload  or  short,«'the 
bending  of  the  bimeta"'c  strip  will  cause  the  trigger  to  trip  and  the  circuit 
will  open 

6.  Any  seven  of  the  following 

a.  Plug  fuses  shall  not  be  used  m  circuits  exceeding  125  volts  between 
conductors 

b.  Fuses  shall  be  marked  with  their  amperage  rating 

c.  Plug  fuses  shall  be  classified  at  not  over  0  to  30  amperes 
d      Edison  base  plug  fuses  can  be  used  only  as  replacements 

e.     Type  "S"  fuses  (fustats)  shall  be  classified  at  not  over  125  volts 

f  Type  "S"  fuses  shall  be  classified  at  0  to  15,  16' to  20,  and  21  to  30 
amperes 

g      Different  ampere  classes  of^type  "S"  fuses  are  not  interchangeable 

h.  \   Cartridge  fuses  shall  not  be  used  in  circuits  of  over  300  volts  between 
''"""'fcqn  ductors 

i.  Cartridge  fuses  shall  be  marked  with  their  ampere  rating,  vohage  rating, 
3nd  the  name  or  trademark  of  the  manufacturer 

7.  a.     Shall  bo  capable -of  being  manually  tripped  and  set 

b.  Will  have  a  visible  "off"  and  "on"  indication 

c.  Shall  be  designed  so  that  setting  ( f  tripping  amperage  requires  dismantling 
for  other  than  intended  adustmerts  ' 

d.  Markings  and  ratings  on  break'^rs  of  less  than  100  amoeres  shall  be  durable 
and  visible  after  installation 

P.       a.     Oi1  pressure  switch 

b.     Refrigerant  high  pressure  switch 
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c.  Refrigerant  Juai  pressure  switch 

d.  Refrigerant  low  pressure  switcn 
9.       Description  should  include: 

a.  Oil  pressure 

1 )  Opens  compressor  motor  control  circuit  in  case  of  low  oil  pressure 

2)  Built-in  time  delay  prevents  nuisance  shut  down 

3)  Connect  pressure  line  labeled  "oil"  to  oil  pump 

4)  Connect   pressure  line  labeled   "low'''  to  compressor  motor 
crankcase 

5)  Electrically  rated  for  pilot  duty 

b.  Refrigerant  low  pressure 

1)  Opens  compressor  motor  control  circuit  if  the  low  side  pressure 
drops  below  control  setting 

2)  Used  in  air-conditioning  systems  to  prevent  the  evaporator  frorrv 
freezing  over 

3)  Use  in  refrigeration 

a)  Controls  cabinet  temoerature 

b)  Controls  defrost 

4)  Connects  to  low  side  of  compressor 

c.  Refrigerant  high  pressure 

1)  Opens  compressor  motor  control  circuit  when  high  side  pressure 
reaches  the  control  set^ng  ^ 

2)  Connected  to  high  side  of  system  where  it  cannot  be  valved  off 

3)  Used  in  air  conditioning  and  refrigeration  ^ 

4)  Manual  or  automatic  reset  ^ 

d.  Refrigerant  dual  pressure 

1)       Combines  both  controls  in  one  housing 
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2)       Operate  independently  of  each  o.her 
*  3)       Simplifies  wiring 
,  4)       Simplifies,  mounting 

10*       a.     Magnetic  overload 

b.  Lockout  relay 

c.  Soiid-state  compressor  motor  protector 

d.  Bimetal  overload 

e.  Thermal'  overload  relay 

f      Bimetal  overload 

11         Detxriptfon  should  mctude' 

t 

a.     Bimetal  overloads 

1 )        Two  types 


a)  Internal 

b)  Extern?' 

2)  Bimetal  disc  opens  and  closes  a  set  of  contacts 

3)  r^crease  temperature  causes  bimetal  to  warp  opening  motor  circuit 

.   a)     Line  duty 
b)     Pildt  duty 
Automatic  reset 
5)       Manual  reset 
Maryietic  overloads 

1;        Current  sensitive  magnetic  coil 
2)       Pilot  (jiity  contacts 
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3)  Automatic  or  manual  reset 

4)  Overload  coil  in  series  with  motor  winding 

♦ 

,  5)  Overload  contacts  in  series  wfth  contactor  coil 

c.  Thermal  overload  relay 

1)  Current  sensitive  heater 

^  2)  P'lot  duty  contocts 

3)  Automatic  or  manual  reset 

4)  Overload  relay  heatei  in  series  with  motor  winding 

5)  Overload  contacts  in  series  with  contactor  coil 

d.  Lockout  relay 

1)  Prevents  compressor  motor  from  coming  on  after  it  stops  on 
safety 

2)  Contacts  normally  closed 

»    3)       Contacts  in  series  with  overload  and  pressure  switch  contacts 
4)       Coil  in  series  with  contactor  coil 

b)       Power  must  be  interrupted  to  relay  xoil  to  restart  the  compressor 
motor 

e.  Solid-state  compressor  motor  protectors 

1)  Quick  and  sensitive  reaction  to  temperature  change 

2)  Provides  phase  protectiorv 

3)  Sensoi-s  are  enclosed  in  the  motor  windings 

4)  Control  module  is  in  compressor  motor  terminal  box 
12.       Performance  skills  evaluated  to  the^^atisfaction  of  the  instructor 
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CAPACITORS 
UNIT  IV 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  match  terms,  identify 
capacitors,  hst  causes  of  capacitor  failure,  and  list  factors  to  consider  when  replacmg 
capacitors.  The  student  should  also  be  able  to  solve  problems  fOr  capacitors  in  series  or 
parallaii,  draw  wiring  diagrams  for  various  capacitor  situations,  and  wire  various  capacitor 
circuits  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five 
percent  on  the  umt  test  a 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1  Match  terms  associated  with  capacitors  to  the  correct  definitions. 

2  Discuss  the  role  of  capacitors  in  the  operation  of  motors. 

3  Identify  the  tvpes  of  capacitors.  ^ 

4  Discuss  the  run  capacitor  identified  terminal. 
5.       List  eight  causes  of  capa^'itor  failure. 

^        List  three  factors  to  consider  when  replacing  capacitors 

7        Solve  problems  for  capacitors  wired  m  series  and  parallel  using  the  formulas 
given 

B        Draw  connecting  wiring  for  a  start  capacitor  with  a  current  relay  and  a 
start  capacitor  witn  a  hot  wire  relay. 

9        Draw  connecting  wiring  for  a  start  capacitor  with  ^  potential  relay. 

10  Draw  connecting  wiring  for  a  run  capacitor  with  a  permanent  split  capacitor 
(P  S  C.)  motor 

11  Dr^w  connecting  wiring  for  capacitors  with  a  capacitor  start  capacitor  run 
(C.S  R  )  motor 

12  Demonstrate  the  ability  to*         .  '  • 
a      Wire  a  start  capacitor  with  a  current  or  hot  wire*  relay, 
b.     Wire  a  start  cd[)acitor  with  a  potential  relay. 

c      Wire  a  run  capacitor  with  a  P.S  C.  compressor  motor 
(J      W»re  a  run  Cdpdcitor  with  a  C  S.R.  compressor  motor. 
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CAPACITORS 
UNIT  IV      .  c 

SUGGESTED  ACTIVITIES 

I.  Instructor. 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Make  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonst  Ue  and  discuss  the  procedures  outlined  in  the  job  sheets 

G.  Show  Students  various  capacitors. 

H.  Give  test. 

II.  Student. 

A.     Read  objective  sheet. 
B     Study  informatiorw  sheet 
C     Complete  job  sheets 
D     Take  test. 

INSTRUCTIONAL  MATERIALS 

I     Included  in  this  unit. 
A.    Objective  sheet 
B      Information  sheet 
C.     Transparency  masters 

1.  TM  ]  "Types  of  Capacitor; 

2.  TM  2"Wiring  for  a  Start  Capacitor  With  a  Mbt  Wire  Relay 
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3.       TM  3-  Wit  ng  for  a  Start  Capacitor  Witli  a  Current  Relay 

4  TM  4  Wiring  for  a  Start  Capactor  With  a  Potential  Relay 

5  TM  5- Wiring  for  ^   Run  Capacitor  With  a  Permanent  Split 
Capacitor  (H.S  C.)  Motor 

6.       TM  6 -Capacitor  Start  Capacitor  Run  (C.S.R.)  Motor 
D     Job  sheets 

1.       Job  Sheet  #1- Wire  a  Start  Capacitor  With  a  Current  or  Hot  Wire 
Relay 

2        Job  Sheet  #2  Wire  a  Start  Capacitor  With  a  Potential  Relay 

3.       Job  Sheet  #3-  Wire  a  Run  Capacitor  With  a  P.S.C.  Compressor 
Motor 

4        Job  Sheet^#4  Wire  a  Run  Capacitor  With  a  CS.R  Compressor 
Motor 

E'  Test 

F      Answers  to  test 

References. 

A     Woodroof.  William  Walton  Servicing  Comfort  Cooling  Systems.  Columbus, 
Ohio.  NHAW  Honne  Study  Institute,  1974. 

S      Van  Buskirk,  Mark.  "Capacitor  Know-How  Provides  Power  When  It's  Needed 
Most."  Refrigeration  Service  and  Contracting,  August,  1976. 
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'  ACR  II  -  ■'69-B  ' 

CAPACITORS 
UNIT  IV 

INFORMATION  SHEET 

Terms  and  definitions  ^ 

m  . 

A     Microfarad  7atmg  (mfd  or JJ,  Fd)--Amount  of  cdpacitance  of  a  capacitor 

B.  Voltage  rating  (VAC)-Amount  of  peak  voltage  that  the  <:apacitor  may  be 
subjected  to,  not  line  voltage 

C.  Run  capacitor-Electrical  storage  device  la  the  run  winding  circuit  of  a  motor 
;  generally  in  the  3  to  60  mfd  range  which  is  designed  to  stay  in  the  circuit 

and  has  a  metal  case  which  is  oil-filffed  for  cooling 

D  Start  capacitor-  Electrical  storage  device  in  the  start  winding  circuit  of  a 
motor  generally  in  the  60  mfd  and  higher  range  which  is  designed  to  be 
in  the  circuit  for  a  very  short  period  of  time  during  start 

E.  ,  Bleed  resistor-  Resistor  connected  between  the  start  capacitor  terminals  to 
minimize  a  cing  of  the  relay- points,  20  K  ohm  2  watt  carbon  resistor 

F  Internally  fused-Fusible  link  inside  the  run  capacitor  that  will  help  prevent 
motor  winding  damage  due  to  a  shorted  :capacitor 

(CAUTION:  Do  not  discharge  an  internally  fused  capacitor  with  anything 
other  than  a  bleed  resistor  because  this  could  ruin  il.) 

G     Dual  run  capacitor-Two  run  capacitors  built  r^to  one  case 

H  Hard  start  kit -Potential  relay  and  a  start  capacitor  added  to  a  P.S.C 
compressor  motor  to  aid  in  starting 

(NOTE: 'These  components  must  be  matched  to  the  type  and  size  of 
compressor  motor.) 

Role  of  capacitors  in  operation  of  motors 

A     Capacitance  reduces  running  current 

B      Not  enough  capacitance  will  cause  slow  start  . 

C     Too  much  or  too  little  capacitance  will  cause  motor  to  overheat 

D     Cdpjcitancp  aids  in  startmg  torque  ^ 
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INFORMATION  SHEET 


Motor 
Rating 
.-HP  ' 


1 ' 


1  6 


1  4 


1  I 


12  88(?)110 
75  90@110 


86  103^110 


108  noccfiiio 

124  149^110 


'161  193@110 


E.     Capacitor  s      n^ay  be  determined  by  motor  horsepower  (Figu/e' 1) 

Capacitor  Start 
MFD  ^  VAC 


.Capacitor  Run 


MFD  @  VAC 


1  ? 


3  4 


:00  240@110j 
'216  259^110 


324  388^110 
340  408(?)n0 


figure'  1 


51^2^6 

5@q|30 

6(5*330 

5@370 
^  6@37g 
7  5@236 

P@330 
7  5@370 
7  5@440 

10@236 

,8@330 

10(05330 

10@370 

10^440 

10(3^140 

15(3^236 
'  12^330 
14  5@J30 

15^330 
12  5@370 

15v«37P 

15(?i440 

15@2;^6 

15^@330 

15(3^370 

_  15^40  

17  5(^250 
17  5(5*370 
,  20(p440 

20@370 

20@370 
•^20^40 


(NOTE  The  capacitance  to  use  may  also  be  determined  by 'obtaining  the  voltage 
and  amperage  of  the  motor  and  using  the  following  formula.) 

mfd  =  2650  x  amps  ^ 
volts 


Example         7  amps  115  volts 

2650  X  7  --  161  3  mfd 
115 

ill     Types  of  capacitors  (Transparency  1) 
A,    Start  capacitor 
B      Rjiin  Ccjpacilor 


O 
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.  INFORMATION  SHEET 

IV.    Ran  capacitor  identified  terminal  (Transparency  1)-  ^     •  " 

A.  Connected  to  capacitor  plate  nearest  the  metal  coniainer 
(NOTE:  This^  would  bo  the  plate  most  likery  to  short.) 

B.  Connects  to  run  windirrg  of  compressor  motor  *       ^  .  ' 

(CAUTION:  Damage  to  the  start  \^ding  wiM  occur  if  the    pacitor  is 
*       ^  improperly  wired  and  the  capacitomjecomes  shorted.)  "  V 


C.     Identified  by  three  methods 

1.  Arrow  ^ 

2.  r      Red  dot  •  •  ^ 

3.  Dash 

v.    Causes  of  capacitor  failure 


A. 

Faulty  starting  switch 

B. 

.Excessive 

motor  load 

C 

Excessive 

duty  cycle 

D. 

Bad  motor  beariwgs 

E 

Low  ^ine 

voltage 

F 

{ncotrect 

capacitance 

• 

Q. 

Inr'proper 

capacitor  voltage  rating 

Excessive 

temperature 

VI.    Factors  for  capacitor  rcpfScement 

A.    Capacitor  voltage  rating'  may  be  higher 

(CAUTION:  Never  install  a  capacitor  with  a  voltage  rating  lower  than, the 
one  being  replaced.) 

B     Microfarad  rating  of  a  replacement  start  capacitui  may  have  a  tolerance 
of  +  10% 

.J 

(NOTE:  Replacement  capacitors  should  be  the  same  size  as  the  original 
whenever  possible.) 
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INFORMATION  SHEET 

« <■  # 

C.     Microfarad  rating  of  a  replacement  run  capacitor  should  be  the  same  oc 
no  more  than  10%  higher 

VII.    Capacitors  wired  «r  ser-es  and  par.}!Jcl  ,  ^ 

A,    Series  (Figure  1)  .  * 

1.  Ct  =  CI'  X  C2  '         -  . 

CI  +  C2 

Example:        20  mid,  110  v?c,  20- mfd,  110  vac  " 

C  r  =  20  X  20  =  400  =  10  Tifd^  ^ 
20  +  50  I 
110  +  110     =      220  vac 

2.  Sum  of  ^'^e  voltages  must  be,eqgal  to' or  greater  than  the  capacitor 
.  being  replaced  ^ 

(NOTE:  Capacitc-  .manufacturers  do  not  recomniend  grouping 
more  than  two  capacitors.)  '  * 

i 

3.  The  microfarad  rating  of  the  ,c?:pacitors  should  be  the  same 
B'     Parallel  (Figure  2) 

1.       Add  microfarad  ratings^ 

■     '  Cj  -  CI  '+  C2  . 

Example.      *  Cj  -  26  +  20  =  40  mfd 

'  2.       Voltage  of  each  capantor  must  be  equal  to  or  greater  than  the 
ci^pacitor  be:ng/replfice(;l 


Two  Start  Capacitors  In  Series  '         Two  Run  Capacitors  In  Parallel 


VIII.    Wiring  for  a  start*  capacitor- \Ayth  d  current  or  hot  wire  relay  (Transparencies 
2  and  3)  •  '  * 

tX.    Wiring  for  a  start  capacitor  vfith  a  .potential  relay  ( Transparency.  4) 

X.    Wiring  fof"  a  run  capacitor  with  a  permanent  split  capacitor JP.S.C.)  motor 
•    (Transparency  5) 

/  /  ^- 

XL    W..ing  for  capacitors  with  a  capacitor  start  capacitor  run  (C.S.R.)  motor 
'    Ci  rtinsparpncy  6)  ^ 
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Types  Of  Capacitors 


Bleed-Resistor 


Metal  Case 


\ 

Bakelite  Case 


Arrow 


Start  Capacitor 


Identified  Terminal 
Run  Capacitor 


Red  Dot 
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301 


> 
O 
J9 


(a) 

I 

CD 


Wiring  For  A  Start  Capacitor  With  A  Hot  Wire  Relay 


Hot-Wire  Relay       Start  Capacitor 


Thermostat 


120  Volts  A  C. 


302 


303 


Wiring  For  A  Start  Capacitor  With  A  Currint  Relay 


To 

Thermostat 
Or  Switch 


I  f-rO-HH 
Relay  Contacts  Normally  Open 


ToL2 


> 

o 

3J 


ERIC 
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305 


•si 

W 


Wiring  For  A  Start  Capacitor  With  A  Potential  Relay 


LI  L2 


> 
o 

JO 
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307 


I 

w 


Wiring  For  A  Run  Capacitor  With  A  Permanent 
Split  Capacitor  (P.S.C.)  Motor 


Identified  Terminal 
\ 


Run  Capacitor 


L1  L2 


Capacitor  Start  Capacitor  Run  (C.S.R.)  MotoV 

♦ 

9 


Run  Capacitor 


Potential  Relay 
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CAPACITORS 
UNIT  IV 


JOB  SHEET  ^1  WIRE  A  START  CAPACITOR 
WITH  A  CURRENT  OR"  HOT  WIRE  RELAY 

I  Tools  and  materials  , 

A     Needle  nose  pliers 

B      Standard  slot  screwdriver 

C     Start  capacitor 

'  D      Refrigeration   system   with   a   capacitor   start   induction  run  (CS-i.R.) 
compressor 

E.  Ammeter 

I I  Procedure 

A.     Check  to  be  sure  the  electrical  power  is^  disconnected 

B      Check  for  correct  microfarad  and  voltage  rating  on  capacitor 

C     Connect  a  wire  from  the  "S"  terminal  on  the  relay  to  one  terminc)!  on 
ihe  start  capacitor 

D     'tonnect  another  wire  from  the  other  capacitor  terminal  to  start  on  the 
'  jm pressor 

(NOTE  Check  wirmg  diagram  of  a  start  capacitor  with  a  hot  wire  relay 
or  a  current  relay.) 

E  Hri^'»^  mstriK^tor  inspect 

F  Connect  electrical  power 

G  place  dmmeter  in  highest  scale 

H  Cldnip  ammeter  around  start  wire 

(NOTE  If  starting  circuit  does  not  disengage  immediately,  ciiscon.^ect 
eiertnca!  power.) 

I       Start  refrigeration  system 

J      Check  length  of  time  for  starting  circuit  to  disengage 
K     Check  full  ioarl  ar^iperage  (FLA) 
L      Stop  ro^f^igeraTion  system  — ^ 
M     Qtsoo^^nect  electrical  power 
uiedM  u[)  and  put  away  *oois 


} 
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.CAPACITORS 
UNIT  IV 


JOB  SHEET  #2-WIRE  A  START  CAPACITOR 
WITH  A  POTENTIAL  RELAY 

I.  Tools  and  materials  *  , 
A     Needle  nose  phers  , 

B.  Standard  slot  screwdriver  '  *  ^ 

C.  Start  capacitor  \/vith  bleed  resistor 

D.  Refrigeration  sf^^n  with  a  potential  relay  •  - 

E.  Ammeter 

II.  Procedure 

A.  Check  to  be  sure  the  electrical  power  is  disconnect^ 

^  B.  Check  ^or  correct  microfarad  and  voltage  rating  on  capacitor 

C.  Connect  a  wire  from  terminal  #2  on  relay  to  one  terminal  of  start  capaciU)r 

D.  Connect  a  wire  from  the  other  start  capacitor  to  Jine  voltage  going  to  run 
on  compressor  >  »         •     • '  ^ 

(NOTE:  Check  wiring  diagram  of  a  start  capacitor  with  a  potential  relay.) 

^E.     Have  instructor  inspect*  ^ 

F.  Cpnnect  electrical  power 

G.  Place  ammeter  in  highest  scale  . 

H.  Clamp  ammeter  around  a  start  capacitor  wire 

**(NOTE:  If  startingyiiircuit  does  npt  disengage  imn^ediately,  disconnect 
electrical  power. 


-       ^   \  J  ■ 

1.     Start  refrigeratior>Y^stem 


J.  'Check  length,  of  time  for  starting  circuit  to  disengage 

K.  Check'  full  load  amperage  (F.L.A.) 

L.  Stop  refrigeration  systerr 

M.  Disconnect  elettrical  pov^er 

N.  Clean  up  and  put  away  tools 
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CAPACITORS 
UNIT  IV 


Jt)B  SHEET  #3--W^RE  A  RUN  CAPAClTOhC 
WITH  A  P.S.C.  COMPRESSOR  MOTOR 


Tools  and  materials 

A.  Needle  nose  pliers  (with  insulated  handles) 

B.  Standard  slot  screwdriver 

C.  Run  capacitor 

D.  P.S.C.  motor 
Procedure 

A.  Check  to  be  sure  c}e*>^»'ical  power  is  disconnected 

B.  Check  for  correct  microfarad*  and  voltage  rating  oii  capacitor 

C.  Connect  a  wire  from  the  run  terminal  on  the  mo^or  to  the  identified 
terminal  on  the  run  capacitor 

(NOTE:  Check  wiring  diagram  of  a  run  capacitor  with  a  P.S.C.  motor.)- 

D.  Connect  a  wire  frorn  the  start  terminal  on  the  compressor  to  the  other 
snde  of  the  run  capacitor 

(NOTE:  If  this  system  has  a  dual  ^capacitor,  be  sure  the  motor  is  connected 
to  the  proper  terminal.)  ^ 

E.  Have  instructor  inspect  , 

F.  Connect  electrical  power 

1.    Start  the  equipnnent  j 

H.  Check  full  load  amperage  (F.L.A.) 

I.  With  unit  running,  use  needle  nose  pliers  with  insulated  handles  to  remove 
one  wire  from  run  capac  ^  jX 

(CAUTION:  Do  not  allow  tne  removed  wire  to  touch  you  or  the  equipment 
cabinet  as  this  would  cause  an  elec^jca'  shock.) 

J.     Observe  the  increase  in  full  load  amperage 


^  i9aB 


JOB  SHEET  ^3 

K     Stop  eqtnonitMit 

L      Discor^'.ect  elt?ctricjl  power 

M      Reconnect  ^>\\e  to  run  capacitor 

N      Cledn  lit'  imcj  put  o\/vav  tools 
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CAPACITORS 
UNiT  IV 


JOB  SHEtT  #4 -WIRE  A  RUN  CAPACITOR 
WITH  A  C.S  R.  COMPRESSOR  MOTOR 


I.    Tools  and  materials 

A.  Needle  nose  pliers  (with  insu'ated  handles) 

B.  Standard  slot  screwdriver 

C.  Run  capacitor 

D.  C.S.R.  motor 

II     Procedure  *  ^ 

A     Check  to  be  sure  Cilectrical  power  is  disconnect3d 

B      Check  for  correct  microfarad  and  voltage  rating  on  capacitor 

C      Connect  a  wire  from  the  *capacitor  identified  termmal  to  the  compressor 
run  terminal 

D.  Connect  another  wire  f^'om  the  other  capacitor  terminal  to  start  cn  the 
compressor 

(NOTE  These  wires  are  sometime?  connected  at  other  junction  points 
within  the  control  panel,  but  if  you  trace  the  circuit  it  will  go  to  the  run 
and  start  terminals.) 

E.  Have  instructor  inspect  ( 

■ 

(NOTE;  This  same  wiring  procedure  is  used  on  a  PS.C.  compressor  that 
IS  hard  to  start.  Then  the  addition  of  a  potential  relay  and  start  capacitor 
IS  referred  to  as  a  hard  start  kit.) 

F  Start  the  equipment 

G  Check  full  load  amperage  (F  L.A  ) 

H.  Stop  the  equipment 

I  Disconnect  electrical  power 

J  Clean  up  and  put  away  toois 


ERLC 
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CAPACITORS 
UNIT  IV 


NAME 


■TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions. 


a.  Amount  of  peak  voltage  that  the 
capacitor  may  be  subjected  to,  not  line 
voltage 

b.  Two  run  capacitors  built  into  one  case 

^c.  Fusible  link  inside  the  run  capacitor  that 
will  help  prevent  motor  winding  damage 
due  to  a  shorted  capacitor 

d.  Amount  of  capacitance  of  a  capacitor 


e.  Electrical  storage  device  .in'  the  run 
winding  circuit  of  a  motor  generally  in 
the  3"  to  60  mfd  range  which  is  designed 
to  stay  in  the  circuit  and  has  a  metal 
case  whicH  is  oil-filled  for  cooling 

f.  Resistor  connecte*d  between  the  start 
capacitor  terminals  to  minimize  arcing  of  ^ 
the  relay  points,  20  K  ohm  2  watt 
carbon  resistor 

_g.  Potential  relay  and  a  start  capacitor 
added  to  a  P.S.C.  compressor  motor  to 
aid  in  starting 

h.  Electrical  storage  device  in  the  start 
winding  circuit  of  a  motor  generally  in 
60  mfd  and  higher  range  which  is 
designed  to  be  in  the  circuit  tor  a  very 
short  period  of  time  during  start 


1. 
2. 

3. 

4. 

5r 
6. 


Bleed  resistor 

Dual  run 
capacitor  ' 

Microfarad  rating 
(mfd  or  Jd  Fd) 

Hard  start 
kit 

Run  capacitor 

Voltage  rating 
(VAC) 

Internally 
fused 

Start 
capacitor 
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Discuss  the  run  capacitor  identified  terminal. 


ERIC 


5.  List  eight  causes  of  capacitor  failure, 
a. 

b. 
c. 
d. 

f. 

g- 

h. 

6.  List  three  factors  to  consider  when  replacing  capacitors. 


7.       Solve  these  problems  for  capacitors  wired  in  series  and  parallel  using  the  formulas 
given. 

Capacitors  in  series  Cj  =  CI  X  C2 

CI  +  C2 

Capacitors  in  parallel  Cj  ^  CI  +  C2 
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a. 


Series 
1. 


3. 


4. 


Parallel 

1. 
2. 
3. 
4. 
5. 


5  mfd,  110  VAC,  5  mfd,  110  VAC 
mfd  VAC 


ans. 


160  mfd,  250  VAC,  160  mfd,  350  VAC 
mfd  VAC 


ans. 


1'40  mfd,  270  VAC,  140  mfd,  270  VAC 
mfd  VAC 


ans. 


10  mfd,  250  VAC,  10  mfd,  110  VAC 
mfd  VAC 


ans. 


35  mfd,  250  VAC,  35  mfd,  440  VAC 
mfd  VAC 


ans. 


5  mfd,  10  mfd  ans. 

20  mfd,  160  mfd  ans. 

140  mfd,  140  mfd  ans. 

10  mfd,  10  mfd  ans. 

35  mfd,  160  mfd  ans. 


mfd 
"mfd 
'mfd 
'mfd 
"mfd 


Draw  connecting  wiring  for  a  start  capacitor  with  a  current  relay  and  a  start 
capacitor  with  a  hot  wire  relay. 


Start  Winding 


Tm 


— 


Main  Winding 
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ACR  II  197-B 

Draw  con,  -^cting  wiring  for  a  star*  capacitor  with  a  potential  relay. 


h  '-2 


10.       Draw  connecting  wi^mg  for  a  run  capacitor  with  a  permanent  split  capacitor 
(P.S-C.)  motor. 


Li  L2 


'1 

T 
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11, 


12 


Draw  connecting  wiring  for  capacitors  with  a  capacitor  start  capacitor  run 
(CS.R.)  motor. 


Start  X 
Capacitor  -y- 


Run 


4  6  4 


Capacitor 


Potential  Relay 


Li  L2 

Demonstrate  the  ability^  to:  , 

a.  Wire  a  start  capacitor  with  a  current  or  hot  wire  relay. 

b.  Wire  a  start  capacitor  with  a  potential  relay. 

c.  »  Wire  a  run  capacitor  wtth  a  P.S.C.  compressor  motor^ 

d.  Wire  a  run  capacitor  with  a  CS.R,  compressor  motor. 

(NOTE:  If  these  activities  havei  not  been  accomplished  prior  to  the  test,  ask 
your  mstnictor  when  they  should  be  completed.) 
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CAPACITORS 
UNIT  IV 

ANSWERS  TO  TEST 


a. . 

6 

b. 

2 

c. 

7 

d. 

3 

e. 

5 

f. 

1 

g- 

4 

h. 

8 

2.  Discussion  should  Include: 

a.  Capacitance  reduces  running  current 

t  b.     Not  enough  capacitance  will  cause  slow  start 

c.  Tr^  much  or  too  little  capacitance  will  cause  motor  to  overheat 

d.  Capacitance  aids  in  starting  torque 

e.  Capacitor  size  may  be  determined  by  motor  horsepower 

3.  a.     Start  capacitor 

b.  Run  capacitor 

4.  Discussion  should  include: 

a.  Connected  to  capacitor  plate  nearest  the  metal  container 

b.  Connects  to  run  winding  of  compressor  motor 

c.  Identified  by  three  methods 

1)  Arrow 

2)  Red  dot 

3)  Dash 
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5.  a.  Faulty  starting  switch 

b.  Excessive  motor  load 

c.  Excessive  duty  cycle 

d.  Bad  motor  bearings 

e.  Low  line  voltage 

f.  Incorrect  capacitance 

g.  Improper  capacitor  voltage  rating 

h.  Excessive  temperature 

6.  a.  Capacitor  voltage  rating  may  be  higher 

b.  Microfarad  rating  of  a  replacement  start  capacitor  may  have  a  tolerance 
of  +  10% 

c.  Microfarad  rating  of  a  replacement  run  capacitor  should  be  the  same  or 
no  more  than  10%  higher 


Series 

1) 

2.5  mfd 

220 

VAC 

2) 

80  mfd 

600 

VAC 

3) 

70  mfd 

540 

VAC 

4) 

5  mfd 

360 

VAC 

5) 

17.5  mfd 

690 

VAC 

Parallel 

1) 

15  mfd 

2) 

180  mfd 

3) 

280  mfd 

4) 

20  mfd 

5) 

igfj  mfd 
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INTRODUCTION  TO  ELF.CTpiC  MOTORS 
UNIT  I 


UNIT  OBJECTIVE 

i 

After  complelion  of  this  unit,  the  student  should  be  able  to  match  terms,  list  safety  rules, 
discuss  magnetism  and  three-phase  motors,  and  identify  parts  of  a  motor.  The  student 
should  also  be  able  to  list  types  of  single-phase  motors,  read  nriotor  data  plates,  and  solve 
problems,  determine  V-belt  length,  and  adjust  belt  tension.  This  knowledge  will  be 
evidenced  through  demonstration  and  by  scoring  (^^hty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

Aftej  completion  of  this  unit,  the  student  should  be  able  to: 

1.        Match  terms  associated  with  electric  motors  to  the  correct  definitions. 

.    2.  Lisi  safety  rules  pertaining  to  working  with  electric  motors. 
•  ^>-^^  » 

3.  Discuss  magnetism. 

4.  Discuss  magnets  in  an  induction  type  motor. 

5.  List  types  of  single-phase  motors. 

6.  Identify  parts  of  an  open  drive  moioV 

7.  Identify  the  coirmnon  types  of  motor  mounts. 

8.  Discuss  motor  enclosures. 

9.  Discuss  three-phase  motors. 

10  List  the  fourteen *iteni,s  of  information  provided  on  a  motor  data  plate. 

11.  Identify  the  types  of  motor  V-pulleys  (sheaves)  ^ 

12.  Solve  problem  ^  using  a  method  for  determining  pulley  size. 

*■ 

13.  List  causes  oDf  motor  problems. 

c 

14.  Lisr  remedies  of  motor  problems. 

15.  DemQnstrate  the  ability  to* 

\ 

a      Determine  length  of  a  V  belt 
b.     Adjust  V  belt  tension 
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INTRODUCTION  TO  ELECTRIC  MOTORS 
UNIT  I 

SUGGESTEO  ACTIVITIES 

!.  Instructor: 

A.    Prpvide  student  with  objective  bheet. 

Provide  student  with  information,  assignment,,  and  job  sheets. 

C.  Make  transparencies. 

D.  Dis  jss  unit  dnd  specific  objectives. 

E.  Discuss  information  dnd  assignment  sheets. 

F      Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Obtain  films  or  slide  sets  on  electric  motor  fundamentals. 

H.  Give  test. 
II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  assignment  and  job  shoots 
D      fake  test. 

INSTRUCTIONAL  MATERIALS 

1.    Included  m  this  unit. 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  r  asters 

1.  TM  1 -Attraction  and  Repulsion  of  Charges 

2.  TM  2-Electric  Motor 

3.  TM  3--Parts  of  an  Open  Drive  Motor 


32b 


4-C 


4.  TM  4"Types  of  Motor  Mounts 

5.  TM  5-Thfee-Phase  Motor 

6.  TM  6-'Motor  Data  Plate 

7.  TM  7-Types  of  Motor  V-Pulleys  (Sheaves) 

D.  Assignmer^t  Sheet  #1 -Give  the  Rpmedy  to  Motor  Problems 

E.  /  ^swers  to  assignment  sheet 

F.  Job  sht  :s 

1.  Job  Sheet  #1-D9termine  Length  of  a  V-Belt 

2.  Job  Sheet  #2-Adjust  V-L.  ensio"^ 

G.  Test 

H.  Answers  to  test 

II.    R.  urein.es. 

A.  Schweitzer,  Gerald.  Basics  cf  Fractional  Horsepower  Motors  and  Repair 
Rochelle  Park,  New  Jersey:  Hayden  Book  Co.,  February  1960. 

B.  Turner,  J.  Howard.  How  Electric  Motors  Start  ana  Run.  Atnens,  Georgia: 
Amer'can  Association  for  Vocational  Instructional  Materials,  1973. 

C.  Parady,  W.  Harold;  Turner,  J.  Howard;  and  Wre.i,  Jmes  E.  Electnc  Motors. 
Athene  '^leorg'a:  American  Association  for  Vocational  'nstructional 
Materials,  January  1972. 
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INTRODUCTION  TO  ELECTRiC  MOTORS 
UNIT  I 


INFORMATION  SHEET 


i.    Terms  and  definitions 

A.  Poles-Soft  iron,  laminated  portion  of  the  stator  which  the  insulated  wire 
is  wound  around 

Stator-Stationary  section  that  cc.isists  of  the  windings  and  core  which  form 
the  electromagnet  that  produces  the  magnetic  field  causing  the  motor  to 
turn 

C      Rotor-Rotatinc  section  which  rotates  within  the  stator  of  a  motor 

D.  Synchronous  speed-Constant  speed  to  which  an  alternating  current  motor 
adjusts  itself,  depending  on  the  frequency  of  the  power  supply  and  the 
number  of  poles  in  the  motor 

E.  Induction  motor-Alternating  currtnt  motor  in  whic^  the  stator  is  -connected 
to  the  power  source;  this  induces  current  into  a  secondary  winding  called 
the  otor 

F.  Repulsion  motor-Single-phase  motor  which  incorporates  a  comrnutator  and 
brushes 

G.  Deflectiort-Deviation  from  a  standard 

^  <ample:  Press'-q  down  on  a  V-belt  to  check  for  the  amount  o^  :'^nk 

H  NEMA  (National  Electrical  Manufacturer's  Associationl-Establishes  certain 
voluntary  standards  relating  to  motors 

I  Resilient  mount-Rubber  support  on  each  end  of  the  motor  which  cushions 
the  mot  .r  base  from  vibrations 

J.  Rigid  mount-Mounting  brackets  are  permanently  attached  to  the  motor 
frame 

K.  Slip-Difference  between  the  synchronous  speed  of  a  motor  and  the  speed 
at  which  It  operates 

L  Shunt-A  low  resistance  conductor  winch  connects  two  parts  of  a  circuit 
in  parallel 

li     Safety  rules 

A.    Don't  underestimate  the  potential  danger  of  a  110  VAC  curcuit 

Be  carefil  around  electric  arcs  because  they  will  cause  bad  burns  to  skin 
and  eyes 

C  Remember  that  involuntary  reaction  to  electric  shock  can  cause  you  to 
injure  yourself  and  possibly  others  ^ 
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D.  Do  not  work  on  live  circuits  except  when  absolutely  necessary 

E.  Never  install  equipment  that  will  overload  a  circuit 

F.  Never  bypass  electrical  protective  devices 

G.  All  electrical  lines  must  be  properly  fused 

H.  Protect  all  electrical  wires  when  routing  them  over  ^refrigerant  tubing 
L  All  electrical  wiring  must  be  well  insulated 

J.  Stand  on  dry  nonconductive  surfaces  when  working  on  live  circuits  and 
using  electric  tools 

K.  Check  all  circuits  for  voltage  before  doing  any  service  work 

L.  Tag  and  lock  all  electrical  disconnects  when  working  on  live  circuits 

M.  Have  a  ground  on  all  power  tools 

N.  Use  proper  size  electrical  cord 

0.  All  tools  should  have  croper  guards 

P.  Do  not  use  tools  with  i'"ayed  or  damageH  curds 

Q.  Wear  eye  protection 

R.  Do  not  touch  moving  parte 

S.  Mechanically  ground  all  electric  motors 
III.    Magnetism  (Transparency  1) 

A.  Poles 

1.  North 

2.  South 

B.  Pole  movement 

1.  Like  poles  repe! 

2.  Unlike  poles  attract 
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INFORMATION  SHEET 

C.  Electromagnet 

1.  Insulated  wire  wound  around  a  soft  iron  core 

2.  Alternating  direction  of  current  flow  reverses  polarity 

3.  Essential  in  supolying  the  magnetic  field  for  rotor  rotation 
IV.    Magnets  in  an  induction  type  motor  (Transparency  2) 

A.  Stator 

(NOTE:  The  stator  becomes  an  electromagnet  which  reverses  polarity  120 
times  a  second  on  60  Hz  current.) 

1.  Laminated  soft  iron 

2.  Wound  w'th  insulated  wire 

(NOTE:  This  wire  is  referred  to  as  magnetic  mre  and  it  has  a 
thin  baked-on  enamel  coating.) 

B.  Rotor 

1.  A  permanent  magnet 

2.  Turns  seeking  an  opposite  pole 

3.  Push-pull  action  of  attracting  and  repelling  keeps  rotor  turning 

4.  Automatically  adjusts  to  the  synchro  (Ous  speed 
V.    Types  of  single-phase  motors 

A.  Spht-phasfc 

B.  Shaded-pole 

C.  Capacitor  start  induction  run  (C.S.I. R.) 
D-    Capacitor  start  capacitor  r^n  (C.S.R.) 

E.  Pernnonent  split  capacito-^  (P.S.C.) 

F.  Repulsion-induction 

(!\]OTE    This  type  of  m^^or  is  becoming  uncommon.) 
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VI.  Parts  of  open  drive  motor  (Transparency  3) 

A.  Stator  assembly 

1.  Stator  windings 

2.  Frame  (motor  body) 

B.  Rotor 

C.  End  bells 

D.  Overload 

E      Centrifugal  control 

F.  Starting  switch 

G.  Assembly  bolts 

VII.  Common  types  of  motor  mounts  (Transparency  4) 

A.  Cradle  mount 

B.  Blower  frame  mount 

C.  Three  ring  mount 

D.  Lug  ring  mount 

E.  Rigid  mount 

VIII.  Motor  enclosures 
A.  Open 

1.  Air  openings  in  frame  and/or  end  bells 

2.  Used  where  dirt,  dust,  and  moisture  are  not  a  problem 
8.    Open-drip  proof 

1.  Air  openings  are  in  frame  with  shrouds  to  prevent  moisture  from 
entering 

2.  Used  where  dripping  moisture  may  be  a  problem 
C.     Totally  enclosed 

(NOTE.  This  IS  not  a  sealed  motor.) 
1.       No  air  openings 

2        Used  where  dust  or  dirt  may  be  a  problem 
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D.  Explosion  proof 

1.  Constructed  so  that  no  sparking  occurs 

2.  Used  where  explosive  vapors  are  a  problem 

E.  Submersible 

1.  Totally  enclosed  and  sealed 

2.  Used  where  it  is  necessary  for  the  motor  to  be  submersed  in  water 
or  some  other  fluid 

Three-phase  motors  (Transparency  5) 

A.  No  starting  devices  • 

B.  Each  phase  has  a  set  of  stator  poles 

(NOTE:  Motor  speed  is  determined  by  the  number  of  pole  pairs.) 

C.  Able  to  start  heavy  loads 

Information  provided  on  motor  data  plate  (Transparency  6) 
(NOTE:  Never  remove  the  data  plate  from  a  motor.) 

A.  Model  number 

B.  Serial  number 

C.  Type 

D.  Horsepower  rating  (Hp.) 

E.  Phase  (Ph.) 
(NOTE:  This  refers  to  single-phase  or  three-phase  current.) 

F.  Hertz  (cycle) 

G.  Voltage 

H.  Full  load  amperage  (F.L.A.) 

I.  Locked  rotor  amperage  (L.R.A.) 

J.     Service  factor  (S.F.) 

Example.        An  S.F.  of  1.15  means  a  motor  can  be  loaded  15%  greater 
than  its  rated  horsepower.) 


334 


IOC 


INFORMATION  SHEET 

K.  R.P.M. 

(NOTE-  This  is  the  revolutions  per  minute  that  a  motor  shaft  wiM  turn.) 
L.  Frame 

(NOTE:  This  will  be  NEMA  designated  number  indicating  that  the  body 
of  the  motor  is  of  a  certain  size.) 

M.    Temperature  rise 

(NOTE:  This  is  the  allowable  motor  temperature  increase  and  is  usually 
indicated  in  degrees  Celsius  CO.) 

N.    Duty  rating 

XI.  Types  of  motor  V-pulleys  (sheaves)  (Transparency  7) 

A.  Standard  pulley 

Ik 

B.  Step  pulley 

C.  Adjustable  puiley 

XII.  Methods  of  determining  pulley  size  _ 
A.    Pulley  selection  chart  (T^ble  1)  

(NOTE;  This  chart  will  only  work  with  a  1725  r.p.m.  motor.) 

1.  Select  motor  pulley  size  from  left  hand  column 

(NOTE:  If  motor  is  less  than  1/2  hp.,  motor  pulley  should  not 
be  less  than  2  inches  for  the  least  belt  slippage.  If  motor  is  1/2 
hp.  or  larger,  the  pulley  should  not  be  less  than  3  inches.) 

2.  Move  across  to  the  right  and  locate  speed  that  equipment  is  to 
operate 

3.  Reading  straight  up  will  give  equipment  pulley  size 
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Oiam 

Didmetpf  0^ 

PuMey 

on  Pquipfr\er>t  (inches) 

Motor 

Equipment  Spee^^ 

IRPM) 

Pult*»v 

(inch«) 

1   1  4 

1  1  2 

1  3  4 

2 

2  1  4 

2  V2 

3 

4 

5 

6  1  2 

8 

10 

12 

15 

18 

1  1  4 

1V25 

1435 

1230 

1075 

950 

850 

715 

540 

430 

330 

265 

215 

1  1  2 

2075 

17?5 

1475 

1290 

1140 

1030 

850 

G46 

515 

395 

320 

265 

2^5 

1  34 

2400 

2000 

1725 

1500 

1340 

1200 

1000 

750 

600 

460 

375 

315 

250 

200 

2 

2775 

2290 

1970 

1725 

1530 

1375 

1145 

850 

685 

530 

430 

345 

^  285 

230 

2  14 

3100 

2580 

2200 

1930 

1725 

1550 

1290 

965 

775 

595 

485 

385 

325 

255 

215 

2  1  2 

34  5T) 

2870 

2460 

2150 

1900 

1725 

1435 

1075 

850 

660 

540 

430 

355 

285 

240 

3 

4140 

3450 

2950 

2580 

2290 

2070 

1725 

1290 

1070 

800 

615 

515 

430 

346 

285 

4 

5500 

4575 

3950 

1450 

3060 

2775 

2295 

1725 

1375 

1060 

860 

700 

575 

460 

375 

5 

6850 

5750 

4920 

4300 

3825 

3450 

2865 

21F0 

1725 

1325 

1075 

860 

715 

575 

475 

6  1  2 

8950 

7475 

6400 

5600 

4975 

4480 

3730 

2790 

2240 

1725 

1400 

1120 

930 

745 

620 

8 

9200 

7870 

6900 

6125 

5520 

4600 

3450 

2750 

2120 

1725 

1375 

1M0 

915 

765 

10 

9850 

8620 

7670 

6900 

5750 

4300 

3450 

2650 

2150 

1725 

1^30 

1140 

950 

12 

9200 

8280 

6900 

5160 

4130 

3180 

2580 

2075 

1725 

1375 

1 140 

15 

8635 

6470 

5170 

3970 

3230 

2580 

2150 

1725 

1425 

18 

7750 

6200 

4  770 

3880 

3100 

2580 

2070 

1725 

TABLE  1 


B.    Pulley  selection  formula 

1.  RPM  of  motor  pulley  x  diameter  of  motor  pulley  =  RPM  of 
equipment  pulley  x  diameter  of  equipment  pulley 

2.  Choose  diameter  of  either  pulley 

3.  Use  formula  and  find  diameter  of  other  pulley 

Example:        Assume  nnotor  speed  is  1725  RPM  and  equipment  speed 
needs  to  be  2100  RPM,  with  a  3"  motor  pulley 

1725  X  3  =  2100  X  Diameter 

Diameter  of  equipment  pulley  =      1725  x  3 

2100 

Diameter  of  equipment  pulley  =      2.46  inches 

2.46  would  read  off  to  2  1/2"  pulley 

XIII.    Motor  problems  and  causes 

A.    Failure  to  start 

1.  Blown  fuse  or  open  circuit  breaker 

2.  Low  voltage  or  no  voltage 

3.  Open  wiring  circuit 
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4.  Incorrect  power  line  connections 

5  Excessive  load 

6.  Excessive  end  play 

7.  Seized  or  worn  bearings 
;                            8.  Operj  overload 

B.     Excessive  noise 

1.  Unbalance 

2.  Bent  shaft 

3.  Loose  parts 

4.  Faulty  alignment 

5.  Worn  bearings 

6  Dirt  in  air  gap  between  rdtor  and  stator 

7  Uneven  air  gap 
C     Overheating  of  bearings 

1.  Motor  bearings  -need  oil 

2.  Dirty  oil 

3  Oil  not  reaching  shaft 
4.  Excessive  grease  or  oil 
5        Excessive  belt  tension 

6.  Rough  oearing  surface 
7        Bent  shaft 

8.       Misahyntnent  of  shaft  and  bearing 

9        Excessive  end  thrust 
10        Excessive  side  pull 
1  K       Bolt  slif)paqe 
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D,  Overheating  of  motor 

1.  Obstruction  of  ventilating  system 

2.  Overloading 

3.  Rotor  dragging  on  stator 

4.  Incorrect  voltage 

5.  High  ambient  location 

E.  Rotor  or  stator  burned  out 

J.       Worn  bearings 

2.  Moisture" 

3.  Acids  or  alkalies 

4.  Accumulation  of  excessive  conductive  dust 

5.  Overloading 

6.  Defective  start  mechanism 
XIV.    Motor  problems  and  remedies 

A.  Failure  to  start 

1        Replace  or  reset  fuse 

2.  Check  supply  voltage  with  motor  underload 

(NOTE:  Supply  voltage  should  be  within  10%  of  motor  data  plate 
voltage.) 

3.  Check  motor  wiring  \Ath  ohmmeter 

4.  Remove  load  from  motor  and  try  to  start 
5        Move  motor  shaft  by  hand  to  check  for: 

a.  End  play 

b.  Side  play 

c.  Bearing  tightness 

B.  Excessive  noise 

1.       Replace  out-of-balance  pulley 
I  2.       Remove  pulley  and  check  stra'ghtness  of  *;haft 
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3. 

Tighten  motor  aqcessories  and  mounting 

4. 

Align  drive  pulley  with  driven  pulley 

Replace  bearings 

.V  6.. 

Clean  motor 

Check  for  out-of-round  rotor 

C.    G^rheating  of  bearings 

Use  recommended  nondetergent  motor  bearing  oil 
•    2.       Put  clean  oil  in  reservoir  ' 

(NOTE:  This  will  only  be  possibl^on  large  motiors  wifh  bearing 
oil  reservoirs.) 

3.  Clean  excessive  grease  build  up  from  ball  bearings  i 

4.  Adjust  belt  to  proper  tension  and  check  with  an  ammeter 

5.  Move  motor  shaft  by  hand  to  check  for: 

a.  End  play 

b.  Side  play 

c.  Bearing  tightness 

6.  Replace  rough  or  worn  bearings 

7.  Remove  pul'ey  and  check  for  bent  shaft 

8.  Align  drive  pulley  with  drivp"  pulley 
D.    Overheating  of  motor 

1.       Clean  motor 
.2.       Check  bell  tension  and  adjust 

It 

"3.       Check  full  load  amperage 
4.       Check  for  correct  vo!tage 

(NOTE:  This  voltage  check  should  be  jnade  wi^h  the  motor 
underload  and  at  the  motor  terminals.) 

5        Check  for  loose  bearings 
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6.  .    Check  for  tight  bearings 

7.  Check  pull;ey  alignment 

'  8^  .  Rjemove  pulley  and  check  for  bent  shaft 
E.     Rotor  or  statoV  burned  out 

1.  Have  stator  rewound 

2.  Replace  rotor 

3.  Replace  complete  motor 
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Attraction  And  Repulsion  Of  Charges 


Electric  Motor 


Parts  Of  An  Open  Drive  Motor 

Frame 


Assembly  Bolts  Centrifugal  Control      Rotor  and  Fans 


:H5 


Types  Of  Motor  Mounts 


Three-Phase  Motor 


Motor  D9ta  Plate 


A.  C.  MOTOR 


MODEL 


HP  Vv^ 


500 


VOLTS 
TEMP  RISE 


TYPE 


HERTZ  (CYCLES) 


KC 


PHASE 


1 


60 


1 20/240 


40"  C 


DUTY  RATING 
CODE 


RPM 
L.R.A. 


F.L.A. 


1725 


80/40 


CONTINUOUS 


S.F. 


1.25 


15/7.5 


SERIAL  NO 
FR 


25803 


66 


Types  of  Motor  V-Pulleys 

(SHEAVES) 


Adjustable  V-Pulley 


Closeo  Open 
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INTRODUCTION  TO  ELECTRIC  MOTORS 
^  UNIT  I 


.    ASSIGNMENT  SHEET -#1-GIVE  THE  REA/IEDY  TO  MOTOR  PROBLEMS 


In  the  following  situations  the^  problems  and  the  causes  are  stated;  give  the  remedy  lor 
remedies)  for  each  situation. 

1.       Motor  fails  to  ^tart  and  .an  open  circuit  breaker  was  found  to  bw  the  cause. 


V 


2.       Motor  is  overheating  and' the  ventilation  openings  in  the  end  bells  were  foqnd 
to  be  clogged. 


3.       Motor  is  excessively  noisy  due  to  worn  b3arings. 


f 
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ASSIGNMENT  SHEET  #1 


4.       Motor  bearings  are  overheating  due  to  excessive  belt  tension 


5.       Motor  IS  oveiheating  due  to  being  overloaded. 


355 
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INTRODUCTION  TO  ELECTRIC  MOTORS 
UNIT  I 

ANSWERS  TO  ASSIGNMENT  SHEFT 


Reset  breaker  or  replace  fuse. 

Electric  motors  must  be  kept  clean  and  dry,  necessitating  periodic  inspections. 
Dust  IS  removed,  and  ventilating  openings  must  not  be  covered  other 
obstructions. 

A  dry  or  slightly  worn  bearing  results  in  slip  frequency  noise  or  purr.  Oi!  the 
bearings  properly  (periodically  as  required)  or  replace. 

Adjust  belt  tension  to  proper  v^lue  and  check  .vv^th  ammeter. 

Check  driven  device  to  make  sure  it  does  not  bind.  Check  application  by 
measuring  input  watts  and  amps  l  "  ier  normal  operating  conditions. 


1. 
2. 

3. 

4. 
5. 


ERIC 
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INTRODUCTION  TO  ELECTRIC  MOTORS 
UNIT  I 

JOB  SHEET  #1--DETbRMINE  LENGTH  OF  A  V-BELT 

I     Tools  and  materials 

A.  Flexible  tape  measure 

B.  Belt  driven  equipment 
II.  Procedure 

A.  Disconnect  electric  power  from  belt  driven  equipment 

B.  Wrap  flexible  tape  around  pulleys  (Figure  1) 

(NOTE:" Be  sure  that  the  tape  measure  fits  in  the  pulley  groove  at  the 
same  place  the  belt  will  fit.) 

Motor  Pulley 


C.  Round  the  measurement  off  to  the  nearest  full  'nch 

D  Check  thdl  the  motor  is  in  t^"»e  center  of  its  adjustment  raruje 

E  Have  instructor  check 

F.  Clean  uf)  dnd  put  dvvdy  tools 

35';' 
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INTRODUCTION  TO  ELECTRIC  MOTORS 
UNIT  I 


JOB  SHFET  #2-ADJUST  V-BELT  TENSION 

Tools  and  aiaterials 

A.  Open  end  wrenches 

B.  Straight  edge 

C.  Ammeter 

D.  Belt  driven  equipment 
Procedure 

A.  Disc  nnect  electric  power  from  belt  driven  equipment 
Q.     Remove  V-belt 

C.     Check  pulley  alignment  (Figure  1) 


FIGURE  1 

D.  Place  a  straight  edge  in  the  pulley  grooves  to  check  alignment 
(NOTE:  If  pulleys  do  not  align,  'oosen  set  screws  and  align  them. 

E.  Replace  belt 


35; 
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JOB  SHEET  #2 


F.     Press  down  on  belt  halfway  between  motor  nnii^^y  and  blower  pulley  (Figure 


G.    Check  for  a  deflection  of  3/4"  to  1" 

(NOTE:  Another  method  of  checking  belt  deflection  is  with  the  use  of 
a  tension  gauge.  See  Figure  3.  When  using  this  type  of  gauge  refer  to  the 
rr:an,jfacturer's  recommendations  for  proper  tension.) 


H.  If  belt  IS  too  loose,  loosen  motor  adjustment  and  tighten  belt 

I.  Recheck  deflection 

J      Replace  any  blower  paneb  that  have  been  reir.o 'ccl 

(NOTF'  In  order  to  obtaui  an  arcurate  amperage  reading,  the  panels  must 
be  on  the  blower  compartment.) 

K.     Start  the  blower 


2) 
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JOB  SHEET  #2 


L     Ciiecf<  a[nf)etagc 

(N01  E    !t  the  ainperage  draw  ib  too  high,  the -belt  is  too  tigiit.) 
M.    Have  instructor  check  - 
N     Stop  blower 

0     Clean  up  and   ^'Jt  away  tools 
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INTRODUCTION  TO  ELECTRIC  MOTORS 
UNIT  I 


NAME 


TEST 


1.       Match  the  terms  on  the  right  to  the  correct  definitions. 

 a.  Stationary  section  that  consists  of  the 

windings  and  core  which  form  the 
electromagnet  that  produces  the 
magnetic  field  causing  the  motor  to  turn 


b.  Alternating  current  motor  in  which  the 
stator  is  connected  to  the  power  source; 
this  induces  current  into  a  secondary 
winding  called  the  rotor 

c.  Soft  iron,  laminated  portion  of  the 
stator  which  the  '^^^^ulated  wire  is  wound 
around 

d.  Single-phase  motor  which  incorporates  a 
commutator  and  brushes 


e.  Rotating  section  which  rotates  within 
the  stator  of  a  motor 

f.  Constant  speed  to  which  an  alternating 
current  motor  adjusts  itse!..  depending 
on  the  frequency  of  the  power  supply 
and  the  number  of  poles  in  the  motor 

_g.  Establishes  certain  voluntary  standards 
relating  to  mot  rs 

h.  Deviation  from  a  standard 


Difference  between  the  synchronous 
speed  of  a  motor  and  the  opeed  at  which 
it  operates 


1. 

Rotor 

2. 

Poles 

o. 

i  fvHi  iP'fi/^n 
1 1  rUUU  lIUI  1 

motor 

4. 

Synchronous 

cnooH 

Dp  'ilcinn 

motor 

6. 

Stator 

7. 

Reflection 

8. 

NEMA  (National 

Electrical 

Manufacturer's 

Association) 

9. 

Slip 

10. 

Resilient  mount 

11. 

Rigid  mount 

12. 

Shunt 

j.  Rubber  support  on  each  end  of  the 
motor  which  cushions  the  motor  bas.^ 
from  vibrations 


k.  Mounting     brackets  are  permanently 
attached  to  the  motor  frame 


L   A    low    resistance   conductor  which 
connects  two  parts  of  a  circuit  m  parallel 


ERLC 
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2,        List*  ten  safety  rules  pertaining       W'^Kinq  vviT* 


3         Oiscuss  n^ngtiftism 


4.       Discuss  magnets  in  an  induction  type  motor. 
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b.     Open-drip  proof 


c.     Totally  enclosed 


d.    Explosion  proof 


e.  Submersible 


9.       Discuss  three-phase  motors. 
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12. 


D^am 
Motor 
Pulley 
(tnche<) 
1  1-4 
1  12 

1  3  4 
2 

2  1/4 


1  2 


Solve  the  prgblems  using  the  pulley  selection  chart  method  for  determining  pulley 
size. 


O'.nnprpr  of  PuHrv  on  E{|iJtpmenT  (mcH'ps) 


1   1  4 

1  1  2 

1  34 

2 

2  1  4 

2  1  2 

3 

1 

5 

6  .  2 

8 

10 

12 

lb 

18 

1725 

1435 

1230 

1075 

950 

850 

715 

540 

430 

33f> 

265 

215 

2075 

1725 

14  75 

1290 

1 140 

1030 

r  850 

645 

515 

320 

265 

2T5 

2400 

2000 

1725 

1500 

1340 

1200 

1000 

750 

600 

4o0 

375 

315 

230 

2"00 

2775 

2200 

1725 

1530 

1375 

1 145 

850 

685 

530 

430 

345 

2&5 

230 

3100 

2580^ 

2200 

193a 

1725 

1550 

1290  * 

965 

775 

595 

48b 

385 

325 

255 

215 

3450 

2870 

2460 

2150 

1900 

172f) 

1435 

1075 

850 

660 

540 

430 

355 

285 

240 

4140 

3450 

29S0 

2b80 

2290 

2O70 

1  ;25 

1290 

1070 

800 

615 

015 

^  430 

345 

285 

a.  Equipment  speed  750  RPM 
Motor  pulley  1  3/4" 
Equipment  pulley 

* 

b.  Motor  pulley 
Equipment  pulley 
Equipment  speed 

c.  Equipment  speed 
Equipment  pulley 
Motor  pulley 

d*     Motor  pulley 

Equipment  speed 
Equipment  pulley 

e.  *   Equipment  pulley 
Motor  pulley 
Equipment  speed 

13.       List  three  causes  for  each  of  the  following  motor  problems. 

a.  Failure  to  start 

1) 

2) 

•  '  3) 

b.  Excessive  noise  -  "  • 

1)  '  . 

2) 

3) 


2" 

3" 

1725 

RPM 

1  1/4 

II  "S 

3"  . 

2580 

RPM 

5" 

^" 

48C^ 


c     Overheating  of  bearings 
1) 
2) 

,  3) 

d.  Overheating  of  motor 

1) 
2) 
3) 

e.  Rotor  or  stator  burned  out 

1) 

2) 
3) 

14        List  three  remedies  for  each  of  the  followmg  motor  problems, 
a.     Failure  to  start 
1) 


3) 

b      Exccsbive  noise 
1) 
2) 
3) 

c      Overheating  -of  bearings 

^'  3 


/ 


2) 

3! 


36b 
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d.  Overheating  of  motor 

1) 
2) 
?) 

e.  Rotor  or  stator  burned  out 

1) 
2) 
3) 

15.       Demonstrate  the  ability  to: 

a.  Determine  length  of  a  V-belt. 

b.  Adjust  V-belt  tension. 

(NOTE:  If  these  activities  have  not  ^en  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 


ERIC 
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INTRODUCTION  TO  ELECTRIC  MOTORS 
UNIT  I 

ANSWERS  TO  TEST 

1.  a.     6  ^  d.     5  g.     8  j.  10 
'     b.     3                 e.     1                  h.     7  k.  11 

c.     2  f.     4  i.     9  I.  12 

2,  Any  ten  of  the  following:  ' 

a.  Don't  underestimate  the  potential  danger  of  a  110  VAC  circuit 

b.  Be  careful  around  electric  arcs  because  they  will  cause  bad  burns  to  skin 
and  eye> 

c.  Renriember  that  involuntary  reaction  to  electric  shock  can  cause  you  to 
injure  yourself  and  possibly  others 

d.  Do  not  work  on  live  circuits  except  when  absolutely  necessary 

e.  Never  install  equipnnent  that  wil!  overload  a  circuit 

f.  Never  bypass  electrical  protective  devices 

g.  All  electrical  lines  nnust  be  proper'y  fused 

h.  Protect  all  electrical  wires  when  routing  them  over  refrigerant  tubing 
I  All  electrical  wiring  must  be  well  insulated 

I.  O.and  on  dry  nonconductive  surfaces  wht-r.  ^A/nr^:nq  on  live  circuits  and 
using  ^lectric  tools 

k      Check  all  ci*-^'  its  for  voltage  before  doi»ig  any  service  work 

I.  'Tag  ddd  lock  all  .electrical  disconnects  when  working  on  live  circuits 

m     Have     ground  on  -jll  power  tools 

n.     Use  proper  size  electrical  cord 

o      AH  tools  should  have  proper  guards 

p.     Do  not  use  tools  with  frayed  or  ddn^^ged  cords 


q.     Wear  eye  protection 

r.      Do  not  touch  moving  parts 

s.      Mechanicaily  ground  all  electric  motors 

Discussion  should  include. 

a.  Poles 

1)  North 

2)  South 

b.  Pole  movement 

1)  Like  poles  repel 

2)  Unlike  poles  aXir^nX 

c.  Electromagnet 

1)  Insulated  wire  wound  around  a  soft  iron  core 

2)  Alternating  direction  of  current  flow  reverses  polarity 

3)  Essential  m  supplying  the  magnetic  field  for  rotor  '•otation 
Discussion  siiould  include 

a.  Stator 

1)  Lanimatecl  soft  iron 

2)  Wound  with  insulated  wire 
b  Rotor 

1 )  A  permanent  magnet  ^ 

2)  lur^^s  seeking  an  opposite  pole 

3)  Push-pull  action  of  attracting  and  repelling  keeps  rotor  turning 

4)  Automcnically  adjuaib       the  synchronous  speed 

Adv  ftvo  of  the  foliowinq 
a      Spilt  ptidSf^ 

c      Can.uit.r  ir.-.lucUr,:.  tsi'i  (C  S  !  R  • 
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0. 

Capacitor  start  capacitor  run  (C.S.R 

e 

Permanent  spht  capacitor  (P.S.C.) 

f. 

Repulsion-induction 

a 

End  bell 

b 

Rotor 

c 

Overload 

d. 

Stator  windings 

e 

Starting  switch 

f 

Frame  (motor  body) 

g 

Cent ri f ugal  control 

u 
11 . 

Mssemijiy  uoiis 

0 

Th ree  ring  mount 

h 

D 

L»rduie  muuni  ^ 

C 

Lug  ring  mount 

d 

Blower  frame  nr.nur^t 

e 

Rigid  mount 

Discussion  should  include 

a 

OfHin 

1;        Air  openings  m  framp  and/or  end  bells 

2)        Used  where  dirt,  dust,  ana  moisture  are  not  a  problem 

1)  Air  openings  are  in  framf^  with  shrouds  to  nrevent  moisture  from 

f^ntenrKj 

^)        U.f^d  whore  drip[)ing  moisture  mav  b'^  a  problem 
(       T')\i  !  /  f'nclcscd 

I  *         ^io  tiir  opr'f  ngs 

2)  Usod  wlioro  dust  or  dirl  rv>ay  [)p  j  fjroh'-^m 

'312  • 


d.  Explobion  proof 

P        Constructed  so  that  no  sparking  occt'r. 
2)        Used  where  explosive  vapors  are  a  problem 

e.  Submersible 

1)  Totally  enclosed  and  sealed 

2)  Used  where  it  ts  necessary  for  the  motor  to  be  submersed  in  water 
or  some  other  fljtd 

Discussion  should  inokide 

a.  No  starting  devices 

b.  Each  phase  has  a  set  of  stator  poles 

1 

c.  Able  to  start  heavy  loads 
a.  Model  numbe«' 

b  Serifil  number 

c,  Tyf)e 

d,  Horsepowei  rating  ^Hp  ) 
e  Phas3  ) 

f.  Hertz  (cycio) 

g  Voit^iqe 

h.  F''!l  \ohr\  ampercKjC  (F.L.A.) 

L  Locked  rotor  ^jmperage  (L.R.A,^ 

\  Service  f':r  tor  (S  F  ) 

k  RP.M 

'!  Ffamr- 

Tom[ipratuie  rise  .  ^ 

n         Duty  ?.uinrj 

.1       btr^p  f)L;  If"/ 

[}      St  uid.if'l  ;u  ilcv 

O  ^  '^^ 
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12,  a.  4" 

b.  -^1145  RPiVl 

c.  1  1/4" 

d.  r  ♦ 

e.  1070  RPM 

13.  Any  three  of  the  following  under  each  section: 

a.  Failure  to  start 

1^  Blown  fuse  or  open  circuit  breaker 

2)  Low  voltage  _or_ no  voltage 

3)  Open  wiring  circuit 

4)  Incorrect  power  lir.»  connections 

5)  Excessive  load 

6)  Excessive  end  play 

7)  Seized  or  worn  bearings 

8)  '      Open  overload 

b.  Excessive  noise 

1 )  Unbalance 

2)  Bent  shaft 
2)      .Loose  parts 

4)  Faulty  ahqi.ment  ^ 

5)  Worn  bearings 

6)  Dirt  in  air  gap  between  rotor  and  stator 

7)  Uneven  d\r  gap 
c  .  Overheating  oi  bearings 

1/  *    Motor  bearings  need  oil 

2)  ,    Dirty  oi! 

3)  0;!  noi  reaching  sSiaft 

4)  Excessive  grease  or  oil 
5}  E^ces<^ive  belt  tonsion 
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6)  Rough  bearing  surface 

7)  Bent  snaft 

8)  Misalignr.ient  of  shaft  and  bear:inq 

9)  Fxcessive  end  thrust 

10)  Excessive  side  pull 

1 1 )  Belt  slippage 
Overheatir^j  of  motor 

1)  Obstruction  of  ventilating  system 

2)  Overloadsnq 

3)  Roior  ur^ggirtg  on  stator 

4)  Incorrect  voltagf" 

5i        High  ambient  location 
Rotor  or  stator  burned  out 

1)  Worn  bearm(]S  - 

2)  Moisture 

3)  Aciris  or  alkalies 

4)  Accumuiat'on  of  excessive  conductive  dust 

5)  Ovprloading 

6)  Defective  start  mechai'Sm 
thtcp  of  the  [ollowinri  unf!*-?  -  .^rli  sectior 
F-cMiure  to  s^art 

]/        Rp^iace  or  reset  fuse 

2)  C^n^ck  supply  voltaqp  with  motor  underload 

3)  Chfxk  motor  wirincj  -'ith  ohmmeter 

4-        RfMTiovr'  load  Tro,T^  moto-  and  Iry  to  start 
G;        Mov/e  nx)Tor  shaft  l)V  h.r  H  to  :heck  for 

Frd  !'l.]y 
Side  [)!<iv 
'  ;      B<\Kinf}  tinhtnP-vS 
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b.     Excessi\/e  noise 

1)  Replace  out-of-balance  pulley 

2)  Remove  pulley  and  check  straightness  of  shaft 

3)  Tighten  motor  accessories  and  mounting 

4)  Align  drive  pulley  with  driven  pulley 

5)  Replace  bearings 

6)  Clean  motor 

7)  Check  for  out  of-round  rotor 
Overheating  of  bearings 

1)  Use  recommended  nondetergent  motor  bearing  oil 

2)  Put  clean  oil  in  reservoir 

3)  Clean  excessive  grease  build  up  from  ball  bearings 

4)  Adjust  belt  to  proper  ten:>ion  and  check  with  an  ammeter 
5^        Move  motor  snaft  by  nana  to  check  for. 

a)  End  play 

b)  Side  play 

c)  Bearing  tightness 

6)  Replace  rough  or  worn  bearings 

7)  Remove  pulley  and  check  for  bent  shaft 

8)  Align  drive  puHev  with  driven  pulley 
fi      OvfYhearmc]  of  motor  % 


1) 

Clean 

motor 

2) 

Chock 

halt  tension  and  aclju 

3) 

Chock 

full  load  ampefa(r 

4; 

Chock 

for  correct  voUdfie 

5) 

Chock 

for  loose  hoarinq^ 

6) 

Ch(u.k 

for  tiqht  hoarincf. 

7) 

Chock 

pMlioy  a'i{|rimonl 

H) 

Ronuivp  txiUny  dnrl  rhprk 

37{j 
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e.      Rotor  or  stator  burned  out 

1}       Have  stator  rewound 

2)  Replace  rotor 

3)  Replace  complete  motor 

15.       Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


ERIC 


37. 


^    ARC  II  -  59  C 


SPLT'"  f^f^ASE-  MOTOF^S 
UNif  IS 


UNIT  OBJECTiVE 


Aftpr  crjfnp'.'t  i)fi  ot  ti^s  ufiit,  tht*  sKidont  sfiouUI  he  nhie  to  ii^ennly  vjr.i^us  components 
ot  Sf);!t  p^lJS^'  fiiot()fs  d'ui  i(st  vvifulKiqs  and  thru  rharacTeristtc b  Ti^^^  sTuri^mt  should  d!so 
he  dhle  U)  fii-ti(  f]  'VMUof  code  lUimher    to  color,  vvtre  j  sp"t  [)hase  motor,  and 

disjbbO'^1}k^  iosp^'Ct,  cif-an,  d.^  )  reasbemble  j  spht  phase  motor  Thi-  kf^owledge  will  he 
.V'd'-^nc.^j  Miroocih  dc'nioostr at lon  aon  by  sconnq  pifjiitv-fivp  oercffU  or^  the  unit  te^t 


SPECIFIC  OBJECTIVES 

D.^t'ti'     •  '[)  ^  'j'>;t    tlr'  Student  sfiovild  hc.ahie  to 

'  '  HOP  t-^M's  jssociat^ni  uith  ^..plit  t^lvj^'^  niotors  to  tn^   '  >• ; ort  rielin. 
it     t'~r  ^>,'^^to\a  horscpowl     rancu'  of  spht  f)hasc  nuMnrs 
1'/  ac/i^'if  ,*!'  -.s        '.oh'  ohase  nK^tofS 
*        :<  ^    1    i  <     "  ,0'!  MIS  (d  J  sfv rt  f ih J'l**  ;r( '« ' 
.   \'    *  ;  n  j(  ;         •(  \         t  f^>'  v^'t  IM  1  i  i  IJS   lO       ^o' ' '  i  ' 

0  1  :  '    '  M a^ ^c,     '„<  n.tri IS' M 
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SPLIT-PHASE  MOYORS 
UNIT  II 

SUGGESTED  ACTIVITIES 

I  Instructor. 

A     Provide  student  with  objective  sheet. 

B.  Provide  student  with  mformation  and  :ob  sheets. 

C.  Make  transparencies. 

D     Discuss  unit  and  speciiic  objectives 
E      Discuss  information  sheet 

F      Demonstrate  and  discuss  the  procedures  outlined  fn  the  job  ^eets 

Disassemble  a  split-phase  motor  and  place  it  on  a  display  board. 
H     Give  test  ^ 

II  Student 

A     Read  objective  sheet. 
3      Study  information  sheet. 
C     Complete  job  sheets 
D     Take  test 

INSTRUCTIONAL  MATERIALS 

i      Included  m  this  unit 
A     Objective  she^t 
B      ln^orrnativ)P  '.heet 
(J      Trvis[)arency  Piasters 

1  J\    1  Split  Phase  Motors 

2  TM  2  Charactens^-ics  of  Run  ?nd  Start  WiPdinqs 


3  TM  3  Scheme  .    Diagram  of  a  Spi't  Phase  Motor 

4  TM  4  NEMA  Motor  Lead  Color  Code 
,5  TM  5  Moior  Wiring  tor  Rotations 

6  TM  6  Motor  Wiring  for  120  VAC  or  208/240  VAC  Operation 

Job  sheets  .  ^\ 

1 .       Job  Sheet  #1  -Wire  a  Split  Phase  Motor  to  a  208/240  VAC  Supply 

2        Job  Sheet  #2-Disassemble,  Inspect,  Clean,  and  Reassemble  a 
Split-Phase  Motor 

Test  *  '  ' . 

Answers  to  test 

V 

rtiences.  "  , 

Schweitzer,  Gerald,  Basics  of  Fractional  Horsepower  Motors  and  Repair 
Rocbelle  Park,  New  Jersey.  Hayden  Book  Co,  Inc.,  1960. 

Aithouse,  Andrew  D.;  Turnquist,  Carl  H  ,  and  Bracciano,  Alfred  F  Modern 
h'ehigeration  and  Air  Conditioning  Homewood,  Illinois  Goodheart  Willcox 
Co,  1975         '  •  ■ 


.  ■  /^RC  II     63  C 


SPLITfiHASE  ^^pTORS 
*UMI7  Ij 


INFORMATION  SHEET  ^/ 


Terms  aiid  definitions    '  v 

A     Torque  T.wisting  force  created  by  a*  motor^as  it  starts  and  runs  ^ 

•B      Start  winding--Winding  in  the  electric  moior  that  is'used  o.i1y  brietty  whi'e 
the  (Tiotor  i^>^starttng  » 

C.   ^Rlh^  winding-Winding  of^fnolCr  which  has  current  f. owing  through  it  during 
hofmai  opef«tion-  of  motor  , 

D     Split-phase  inotor-Motor  with  two  statar  windings;  vvj^ile  both  windings 
*    are  in  use  for' starting,  the  startjng  winding  is  "disconnected  by  centrifugal 
switch  after  motor  attains  approximately  75  to  80%  of  its  speed  and  motor 
^  thei:^  operates  on  run  winding  only 

/ 

Commor^  horsepower  range  of  split-phase  motors  -1/20  to-  3/4 

^  i  f 

Applications  of  split-phase  motofSS;p'ransparency  1) 
A  Fdns 
B\    Qi't  burripfs 


C  ^  PufTips 
D  Blowers 


'   R      Ddmestsc  refric]-    'or  compressors  d 

I  NOTE      Ail   motor  starting  components  must  be  external  on  a  hermetic 

Wiridirnls  of  split-phase  motor 
A'  ^t^^t 

B.     Run  '  ' 

i  '  • 

Chdrdctlnstics   )f  wirulirms  tO  split  phase  motcM'  (Transparency  2) 

A      Sttja  v'irulinq  > 

1  Hiqh   roStStdnC(*  ' 


l2 


Sm.ii'  vvirf^ 


ERIC 


V 


64C 


ERIC 


h^FORMATION  SHEET 

3.  More  turns 

4.  Wound  on  top  of  run  winding  m  pole  slots 

B      Run  winding 
ft 

1.       Low  resists,  .ce 

2  Heavier  wire 

3  Fevyer  turns  ' 

4.       Wound  in  bottonn'vof  pole  slots 

VI     Purpose  of  starting  mechanism-Refnoves  starting  winding  when  motor  reaches, 
appro^^imately  75  to  80%  of  us  ^nchronous  speed 

VH     CoiiRpnents  Df  split  phase  motor  (Transparency  3) 

\  I 

A    -  pverload  (inherent  motor  protection) 
B  Rotor 

C.     Centrifugal  starting  r  .echanism  or  relay 
D     Startn.g  winding 
E      Run  winding 

VHri^Natiof^al  ElixTtncal  Manufacturer's  Association  (NEMA)  motor  lead  codes' for  start 
>^7un^indings  (Transparency  4) 

A      Start  winding-  T2  and  T4 

B      Run  windmn  T1  and  13 

(NOTE    in  okioi  motors  the  .un  winding  was  marker!  Ml  and  M2,  and  the 

stcirt  v^oniini,    ;as  nai ked  SI  and  S2.) 

iX     Motf>r  lead  color  code 

A  T]-Rt'ri 

B      ^2  Blue 
C      "3-  Velio., 
n      T4-  BkicK 

INO'lt     rh  s  co' ^r  Lodmq  ;s  WpiCdl  dnd  may  vary  .r  some  specific  motors.) 
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"INFORMATION  SHEET 

X.    Directions  of  rotation  (Transparency  5) 

A     Counterclockwise  ^ 
B  Clockwise 

(NOTE  Motor  rotation  is  determined  fronn  shaft  end  on  soRie  nnotors  and 
opposite  the  shaft  end  on  others.) 

XL    Motor  power  wiring  (Transparency  6) 

A     120  VAC 

B      208/240  VAC 


Splft-Phase  Motors 


Open  Drive  Mottfr 


Hermetic  Motor 


El 


2 

ERJC 
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Characteiistics  of  Run  and  Start  Windings 


Run 


Start 


Low  Resistance 


AAA^ 


High  Resistance  J\y\y\y\y\^- 


Heavier  Wire 


lighter  Wire  ^WM^ 


Few  Turns 


More  Turns  -^OTJOTXJ^ 


Wound  in  Bottom 
of  Slots 


D 


Wound  on  Top 
of  Main  Winding 


D 
D 


Laminated  Poles 


3SC 


3S7 


Schematic  Diagram  of  a  Split-Phase  Motor 


Overload 


Rotor 


Centrifugal 
Starting  Switch 


Power 
Source 


Heater  Wire 


Bimetal 
Disc 


Run  Winding 
(Main), 


Starting 
Winding 

(Phase) 
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NEMA  Motor  Lead  Color  Code 

* 

n-  Blue   — 


T3  -  Yellow 


T4  -  Black  .  HJ^JIp^ 


Motor  Wiring  for  Rotations 


T2 

Power  Tl  s 
Source  73 

a  TZ 

T4 


T2 


Power 
Source 


Counterclockwise 
Rotation 


T4 


Tl 
T3 


Clockwise 
Rotation 


.  (Note:  On  some  motors  the  wiring  is  inaccessible.) 
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Operation 


Starting 
Switch 


\i 


 — Starting  ' 

Rotor— r  r— '-^'wrw^  ^ 

Of  ' 


Main 
Windings 


120-Volt 
Power  Source 


Overheat  Protector 


Starting 
Switch 


5> 


Main 
Windings 


Starting  Winding 


3 
T 


U 


oD- 


208/240  Volt 
Power  Source 


Overheat  Protector 
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SPLIT-PHASE  MOTORS 
UNIT  II 

JOB  SHEET  #1-WIRE  A  SPLIT-PHASE  DUAL  VOLTAGE  MOTOR 
TO  A  208/240  VAC  SUPPLY 


I.  Tools  and  materials 

A.  Ammeter 

B.  Voltmeter 

C.  Dual  voltage  split-phase  motor 

II.  Procedure 

A.  Check  to  be  sure  all  electrical  power  is  disconnected 

B.  Connect  lead  #3  to  Li  (Figure  1) 


Starting  Switch 


•Starting  Winding 


208/240-Volt 
Power  Source 

'-2 


Overheat  Protector 


FIGURE  1 

C.  Connect  leads^  #1  and  #2  together 

D.  Connect  lead  #4  to  L2 

E.  Have  instructor  inspect  wiring 

P.  Place  voltmeter  at  250  VAC  or  higher  range 

*G.  Clip  voltmeter  leads  to  motor  leads  #3  and  #4 

H.  Place  ammeter  in  highest  range 

I.  Clamp  ammeter  around  Li  or  L2 

J.  Turn  on  electrical  power  and  start  motor 


EKLC 
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JOB  SHEET  #1 

K.  Adjust  test  meters  for  most  accurate  reading 

L.  Record  readings 

M.  Have  instructor  inspect 

N.  Clean  up  and  put  awa^'  tools 


39 
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SPLIT-PHASE  MOTORS 
UNIT  IJ 

JOB  SHEET  #2 -DISASSEMBLE,  INSPECT,  CLEAN,  AND  REASSEMBLE 

A  SPLIT-PHASE  MOTOR 


I.    Tools  and  materials 


A. 

Split-phase  motor 

B. 

Screwdriver 

C. 

Open  end  wrench 

D. 

Center  punch 

E. 

Ball  peen  hammer 

F. 

Soft  face  hammer 

G. 

Small  socket  wrench  set 

H. 

Motor  cleaning  fluid 

1. 

Clean  shop  towel 

J. 

Compressed  air 

K. 

Safety  glasses 

L. 

Polishing  cloth 

W.  Procedure 

A.  Check  to  be  sure  electrical  power  is  disconnected 

B.  Remove  motor  from  refrigeration  system,  if  necessary 

C.  Clean  off  outer  surface  of  motor 

D.  Disconnect  wires  at  motor 

(NOTE:  Be  sure  to  label  or  draw  a  diagram  of  wir-e  positions  on  motor 
terminals.) 

E      Remove  motor  pulley 
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F.    Mark  end  bells  (Figure  1) 

(NOTE:  This  is  to  keep  bell  ends  in  their  proper  places.  Using  center  punch, 
place  one  mark  on  pulley  end  bell  and  two  marks  on  opposite  end  bell; 
nnark  housing  in  the  same  way.) 


FIGURE  1 


G     Remove  bolts  holding  end  bells  (Figure  2) 

(NOTE    Prior  to  removing  end^  bells  polish  shaft  ends  fo''  easy  removal.) 
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JOB  SHEET  #2 


H.    Use  5oft-fa?ed  hammer  and  drift  punch  to  tap  end  bells  loose  (Figure  3) 


FIGURE  3 


L      Remove  end  bell  that  does  not  contain  sta^'ting  switch 

(NOTE:  Observe  position  and  number  of  shims  as  you  remove  the  rotor. I 
J.     Renove  rotor 

K.     Reniove  end  bell  containing  starting  switch 

(CAUTION:  Do  not  attempt  to  ronidve  stator.) 
L.     Put  on  safety  glasses 
M.    Clean  motor  with  compressed  air 
N.    Clean  outside  of  motor  with  speciaj  cleaning  .'luid 
0.    Clean  bearings  and  make  sure  wicking  is  in  place  and  oi'ed 

(CAUTION:  Do  not  clean  ball  bearings  with  compressed  air.) 
P.     Replace  end  bell  containing  switch 
Q.     Insert  rotor  jnaking  sure  shims  are  in  place 

(NOTE:  A  drop  of  oil  should  be  placed  on  bearing  part  of  the 
R.    Visually  inspect  rotor  and  stator  alignment 
S     Check  position  of  end  bells  with  center  punch  marks 


shaft. 
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JOB  SHEET  #2 


T     Us*-  soft  need  hammer  to  tap  end  bells  in  place  (Figure  4) 


FIGURE  4 


& 


U      Insert  end  bell  bolts  and  tighten 
V.    Turn  shaft  by  hand 

(NOTE-  If  It  IS  tight,  end  bells  may  not  be  in  proper  alignment,  or  the 
v\/ickinQ  may  be  between  bearing  and  sha^t  ) 

W     Have  instructor  inspect 

X     Connpc't  temporary  leads  and  test  motor 

Y     Crean  Uf)  and  put  away  tools 
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SPLIT-PHASE  MOTORS 
UNIT  II 

NAME 

TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 

 a.  Twisting  force  created  by  a  motor  as  it        1.  Split-phase 

starts  and   uns  motor 

 b.  Winding  of  motor  which  has  current        2.  Start  winding 

flow.m  through  it  during  normal  ^  ^.^^.^^ 
operation  of  motor 


c.  Motor  with  two  stator  windings;  while 
'  both  windings  are  in  use  for  stc^rting,  the 

starting  winding  Is  disconnected  by 
.  centrifugal  switcn  after  motor  attains 
approximately  75  to  80%  of  its  speed, 
and  motor  then  operates  on  run  winding 
only 

d.  Winding  in  the  electric  motor  that  is 
used  only  briefly  While  the  motor  is 
starting 

State  the  common  horsepower  range  of  split-phase  motors. 


Torque 


List  four  applications  of  split-phase  motors. 

a. 

b. 

c. 

d.  * 

List  the  two  windings  of  a  split-phase  motor, 
b. 
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List  the  characteristics  of  the  windings  in  a  split-phase  motor. 

a.  Start  winding 

1) 
2) 
3) 
4) 

b.  Run  winding 

1) 
2) 
3) 
4) 

Discuss  the  purpose  of  the  starting  mechanism. 


7.       Identify  the  components  of  a  split-phase  motor. 


Power 
Source 


J 


\ 


I 
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8.       Match  start  and  run  windings  on  the  right  to  the  motor  lead  codes  by  NEMA. 

a    71  1.  '    Start  winding 

2.       Run  winding 

 b.  T2 

 c.  T3 

d.  T4 


9.       Match  the  code  numbers  on  the  right  to  the  code  colors  of  motor  leads. 


10. 


a.  Yellow 

_b.  Red 

c.  Black 

d.  Blue 


1. 
2. 
3. 
4. 


Identify  the  directions  of  rotation 

o 


Tl 

Power  Source 


T3 
Tl 
T2 
T4 


Power 
Source 

f%  ( 

14 
o  •  < 

 ORTP  
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11.       Identify  ti.e  motor  power  wirings. 


Starting  Switch 


Squirrel-Cage 

Q 


1 — nnnr^^ 


Starting  Winding 


Overheat  Protector^ 


b. 


12.       Denionstrate  the  ability  to: 

a.  Wire  a  split-phase  dual  voltage  motor  to  a  208/240  VAC  supply. 

b.  Disassemble,  inspect,  clean,  and  reassemble  a  split-phase  motor. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 


ERIC 
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SPLIT-PHASE  MOTORS 
UNIT  II 


.  ANSWERS  TO  TEST 

t 

1.  a.     4  " 

^  b.  3 

c.  1 

d.  2  . 

2.  1/20  to  3/4  '  ' 

3.  .  Any  four  ot  the  followir>g: 

a.  Fans  , 

b.  Oil  burners 

c.  *'  Pumps 

d.  Blowers  , 

e.  Domestic  refrigerator  compressors 

4.  a.     Start  ^ 
b.  Run 

5.  a.     Start  winding 

1 )  High  resistance 

2)  Small  wire 

3)  More  turns  ^ 

4)  Wound  on  top  of  run  winding  in  pole  slots 
b.     Run  winding 

1)  Low  resistance 

2)  Heavier  wire 

3)  Fewer  turns 

4)  Wound  in  bottom  of  pole  slots 
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6.       Disoussion  should  include-Removes  starting  winding  when  motor  reaches  . 
approximately  ^5  to  80%  o^  its  synchronous  speed 

*  .7^    a.  Overload  (mherenl  motor  protection)^ 

b.  Rotoi 

^  4 

c.  Cepinfugal  starting  mechanism  or  relay  ^ 

d.  ^  Starting  winding 

e.  Run  winding         .        •  _ 

8.  .a.  2 

b.  1 

c.  2 

d.  1 

9.  a.  1 

b.  2 

c.  4 

d.  3 

10.  a.  CounfHrclockwise 
b.  Clock'Aise 

11.  a.  208/240  VAC 
b.     120  VAC  ' 

12.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


# 
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SHADfitD^POLEJ)^ 

^jrTrrrn 

UNIT  OBjtfTIVE  ^ 

After  comp'ehon  of  this  unit,  the  student  should  be  aWe  to  define  ternns,  list  applications, 
and  ''st  disadvantages  of  shaded  pole  motors  The  student  should  also  be  able  to  discuss 
stator  construction,  methods  ,  reversing  rotation,  methods  of  varying  motor  speed,  and 
check  a  shaded  pole  motor.  This  knowlecl^e  will  be  evidenced  through  demonstration  and 
by  scoring  eighty  five  percent  on  th-^  unit  test  .>* 

SPECIFIC  OBJECTIVES 

After  (crripletion  of  this  unit,  the  student  should  be -able  to 
1         Defme  terr-is  associated  with  shaded-pole  motors. 
?        List  applications  of  shaded  pole  motor^ 

e 

3  Discuss  the  stator  ronstruction  of  the  shaded-nole  motor 
Match  number  of  poIps  to  the  correct  motor  RPM.- 

5  List  three  disadvantages  of  <^haded-pole  motors 

6  List  t^-^e  two  voltages  for  shaded  pole  motors.  ^ 

7  Discuss  the  methods  of  reversing  rotation  of  shaded-pole  motors. 

8  Discuss  the  methods  nt  varying  the  speed  in  shactefkj^')ie  mofSrs. 

9  S^ate  th^^  most  common  remedy  of  shaded-|XD)e  motor  failure.  ^ 
10,  '     Demonstrate  the'abifily  to  cht-ck 'a  shaded-pole  motor 
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SHADED-POLE  MOTORS 
UNIT  III 


SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  stu(^ent  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Mak  '  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

r 

E.  Discuss  information  she'^t. 

F.  Demonstrate  and  discuss  the  procedure  outlined  in  the  job  sheet. 

G.  Show  several  cflfferent  styles  of  shaded-pole  motors. 

^H.    Disassemble  a  shaded-pole  motor  and  place  on  a  display  board.^ 

I.     Give  test.  ^ 
Student: 

A     Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  shee'. 

D.  Take  test. 

0 

INSTRUCTIONAL  MATERIALS 

I     Included  in  this  unit: 
A.    Objective  sheet 
B      Information  sheet 
C     Transparency  masters 

1        TM  1-Stator  Construction 

2.  TM  2--Electrical  Reversal  of  Rotation 

3.  TM  3-Methods  of  Varying  Motor  Speed 
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0.    Job  Sheet  #1 -Check  a  Shaded-Pole  Motor 


E.  Test 

F.  Answers  to  test 
References: 

A.  Schweitzer,  Gerald.  Basics  of  Fractional  Horsepower  Motors  arid  Repair. 
Rochelle  Park,  New  Jersey:  Hayden  Book  Co.,  Inc.,  1960. 

B  Althouse,  Andrew  D.;  Tumquist,  Carl  H.;  and  Bracciano,  Alfred  F.  Modern 
Refrigeration  and  Air  Conditioning.  Homewood,  Illinois:  Goodheart-Willcox 
Co,  1975. 
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SHADED  POLE  MOTORS 
UNIT  III 

INFORMATION  SHEET 

Terms  and  definitions 

A  Reactor  coil-  Coil  of  many  turns  of  fine  magnet  wire  which  is  wired  in 
series  with  the  stator  of  a  shaded  pole  motor  to  provide  a  lower  speed 

(NOTE.  This  coil  is  sometimes  called  a  choke  and  looks  similar  to  a 
transformer  ) 

P  Shading  coil-Closed  loop  of  wire  placed  m  a  slot  in  the  motor's  stator 
pole  and  provides  a  phase  shift  to  aid  m  motor  starting  and  determines 
direction  of  rotation 

Applications  of  shaded-pole  motors 

A     Refr  .erator  evaporator  fans 

B      Refrigerator  condenser  fans 

C     Window  air-conditioner  fans  y 

D  *    Furnace  blowers 

E      Furnace  combustion  fans 

F      Timers  ^ 

Stator  construction  (Transparency  1) 

A      Lan^inated  poles 

B.     ^oios  are  Slotted 

C     Stator  winding  is  below  shadinq  slot 

D     Each  shading  coil  is  a  closed  Loop 

^Jijrrtbe''  of  poles  and  motor  RPM 

A,    Two  pole  3.000  RPM 

B      Pour  pole  1,500  RPM 

C     Six  pole  1,050  to  1,100  RPM  ^ 

(NOTE    Motor  RPM      Hetprf^iined  l)v  the  number  of  poles  ) 
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informmTion  sheet 

V.    Disadvanta<.]P'.  ot  shdciod  polf*  motors 
A      Low  torqut^ 
B      SpefHl  varidtiuns 

(NOTE    The  speed  of  d  shad'^d  pole  motor  may  var\/  over  a  wide  range 
with  d  ci^anqe  .n  »?!ther  load  or  the  applied  .voitaqe.^ 

C  lneff't..ent 

VI     Voltageb  for  shaded  pole  motors 

A      120  VAC  single  phase 

B      208  240  VAC  s^nqle  phase 

(NOTE  Shaded  pOle  motors  are  not  available  m  either  dual  or  three-phase 
voUaqes  )  * 

VM     Metfiods  of  reversinq  rotation  of  shaded  pole  motors 
A  Mechanical 

1  Rotor  reversal 

d      Disasstmole  motor 

h      Reverse  rotor  assembly  in  stator 

c      Reassemble  nnotor 

2  Dicinqinq  shading  slot 

J      Disassemble  motor 

b      RfMTK.ve  rotor  assembly 

t      Cut  ne\A/  shading  slots  in  opposite  side 

d      Move  shading  f:oils  to  new  slots 

p      Reassemble  motor 

(NOTE  These  procxiures  are  not  recommended  for  riettl  usp  l)ut 
Mwiy  h*^  nece?>'>dry  ^^^  extreme  situations  ) 
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INFORMATION  SHEET 

B.  Electrical 

1.  Two  sets  of  field  coils  per  shading  coil  (Transparency  2) 

a.  Use  a  double  pole  double  throw  switch 

b.  Posit'on  of  switch  determines  direction  of  rotation 

2.  Two  shaded'pole  stators  within  one  frame 

a.  Four  motor  leads 

b.  Connect  the  set  of  leads'  needed  for  the  rotation  desired 

(NOTE:  These  electrical  characteristics  have  to  be  built  into  the 
motor  at  the  time  of  manufacture,) 

VIII.    Methods  of  varying  speed  (Transparency  3) 

A.  Tapped  stator  winding 

1.  High  speed-Least  resistance  portion  of  winding 

2.  Low  speed'-Complete  winding  high  resistance 

B.  Reactor  coil 

1.  Wired  in  series  with  stator  winding 

2.  Low  speed-Through  reactor 

3.  '  High  speed-  By  pass  reactor 

iX.    Most  common  remedy  of  shaded-pole  motor  failure-Replacement 

(NOTE:  Shaded-pole  motors  are  relatively  inexpensive  and  they  are 
time-consummg  to  disassemble  and  repair.  Therefore,  replacement  is  the  generally 
acceptea  procedure  mstead  of  major  repair.) 
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Stator  Construction 


Pole  of  a  Shaded-Pole  Motor 


Placing  Stator  Windings 
on  a  Shaded-Pole  Motor 


Main  Portion 
of  Pole 


Shaded  Portion  of  Pole 


Laminated  Core 


Note:  Arrow  on  Main  Portion  of 
Pole  Indicates  Direction  of  Rotor  Rotation 


Laminated  Core 


Stator 
Winding 


''Line 
Input 


Shaded  Coil 


Pole  Piece 


> 

JO 

o 


1] 
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Electrical  Reversal  of  Rotation 


One  Pole  of  Laminated  Core  Cut  into  3  Subpoles 


Stator  Winding 


Rotor  Suiface 


Shading  Coil 
Stator  Winding 


Double-Pole 
Double-Throw 
Switch 


o  Line  Input 


With  Switch  at  A,  Rotation  is  Clockwise 

With  Switch  at  B,  Rotation  is  Counterclockwise 


Methods  of  Varying  Motor  Speed 


Tapped  Winding 


LI 

Q 


High  Speed 


-o 


Low  Speed 


L2 


SPOT 
Switch 


Shaded-Pole  Motor 


Reactor 


Reactor  l.i  Circuit 


High  Speed 

-o 


Low  Speed 


SPOT 
Switch 


Reactor  Coil 


Shaded  -  Pole  Motor 
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SHADE|)-POLE  MOTORS 
^JJNIT  III 

JOB  SHEET  #1-CHECK  A  SHADED-POLE  MOTOR 


L    Tools  and  materials 

A.  Shaded-pole  motor 

B.  Power  cord  with  test  clips  " 

C.  Ammf^ter  or  wattmeter 

D.  Bench  vise  ^ 

E.  Compressed  air  -.^ 

F.  Motor  cleaning  fluid 

G.  Shop  towel 

H.  Safety  glasses 

I.  Ohmmeter 

J.     Polishing  cloth 
11.  Procedure 

A.  P^ace  motor  in  bench  vise 

B.  Put  CP  safety  glasses 

C.  Cl6an  motor  with  compressed  air 

D.  Clean  outside  of  motor  with  cleaning  fluid 

(NOTE:  Motors  that  are  cleaned  will  run  cooler  and  more  efficiently.) 

E.  Use  ohmmeter  to  determine  high  and  lovV"speeds  on  stator  tapped  motors 

F.  Take  hold  of  motor  shaft 

G.  Check  side  play  ^  .  ^ 

H.  Check  end  play 

r     Have  instructor  check  if  side  play  or  end  play  is  excessive 

J.  '  Connect  test  cord  to  motor  leads 
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JOB  SHEET  #1 

K.  Clamp  ammeter  around  one  motor  -lead  or  connect  wattmeter 

L  Plug  in  power  cord 

M.  Check  amperage  reading 

N.  Compare  amperage  reading  to  F.LA.  on  motor. 

0. .  Have  instructor  chefk 

P.  Clean  up  and  put  away  tools 


i  i 


r 
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shaded-poLe  motors 

UNIT  III 

NAME  

TEST 

1.       Define  the  terms  associated  with  shaded-pole  motor?, 
a.     Reactor  coil- 


b.     Shading  coil-- 


2.       List  five  applications  of  shaded-pole  motors. 


b. 
c. 

d. 
e. 

3.       Discuss  the  stator  construction  of  the  shaded-pole  moto 


108C 


4.  Match  the  number  of  poles  on  the  right  td^the  correct  motor  RPM. 

 a.   1,500  RPM  1.       *^wo  pole 

 b.  3,000  RPM  2.       Six  pole 

 c.   1,050-1,100  RPM  3,       Four  pole 

5.  Li'st  three  disadvantages  of  shaded-pole  motors. 
.  a. 

b. 
c. 

6.  List  the  two  voltages  for  shaded-poK.  fors. 
a. 

b. 

7.  .j.scc.:>s  the  methods  of  reversing  rotation  of  shaded-pole  motors, 
a.  Mechanical 


b  Electrical 
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8.   •    Discuss  the  methods  of  varying  the  speed  in  shaded-pole  motor 


9.       State  the  most  common  remedy  o'.  shaded-pole  motor  failure. 


10.       Demonstrate  the  abihty  to  check  a  shaded-pole  motor. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  it  should  be  completed.) 
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SHADED-POLE  MOTORS 
UNIT  ii; 

ANSWERS  TO  TEST 

1.       a.     Reactor  coil-Coil  of  many  turns  of  fine  magnet  wire  which  is  wired  in 
series  with  the  stator  of  a  shaded-pole  motor  to  provide  a  lower  speed 

b.  Shading  coil-Closed  loop  of  wire  placed  in  a  slot  in  the  motor's  stator 
pole  and  orovides  a  phase  shift  to  aid  in  motor  starting  and  determines 
direction  of  rotation 


2. 

Any  five  of  the  following: 

4 

a. 

Refrigerator  evaporator  fans 

b. 

Refrigerator  condenser  fans 

c. 

Window  air-conditioner  fans 

d. 

Furnace  blowers 

e. 

Furnace  cojribustion  fa  is 

f. 

Timers 

3. 

Discussion  should  include: 

a. 

Laminated  poles 

b. 

Poles  are  slotted 

c. 

Stator  winding  is  below  shading  slot 

d. 

Each   hading  coil  is  a  closed  loop 

4. 

a. 

3 

b. 

1 

c. 

2 

5. 

a. 

Low  torOL. 

b. 

Speed  variations 

c. 

Inefficient 

b. 

a. 

120  VAC  sjngle-phase 

b. 

208/240  VAC  single-phase 

425 


Discussion  should  include: 
a.  Mechanical 

1)  Rotor  reversal 

a)  Disassemble  motor 

b)  Reverse  rotpr  assembly  in  stator 

c)  Reassemble  motor 

2)  Changing  shading  slot 
a'     Disassemble  motor 

b)  Remove  rotor  assembly 

c)  Cut  new  shading  slots  in  opposite  side 

d)  Move  shading  coils  to  new  slots 

e)  Reassemble  motor 

b.  Electrical 

1)  Two  sets  of  field  coils  per  shading  coil 

a)  Use  a  double  pole'  double  throw  switch 

b)  Position  of  switch  determines  direction  of  rotation 

2)  Two  shaded  pole  stators  within  one  frame 

a)  Four  motor  leads 

b)  Connect  the  set  of  leads  needed  fcr  the  rotation  desired 
Discussion  should  include: 

a.  Tapped  stator  winding 

1)  High  speed -Least  resistance  portion  of  winding 

2)  Low  speed-Complete  winding  high  resistance 

b.  Reactor  cotl 

1)  Wireci  m  series  with  stator  winding 

2)  Low  speed -Throuqh  reactor 

3)  high  speed-  By  pass  reactor 
Replacement 

Performance  sk'.M  evaluated  to  the  satisfaction  of  the  instructor 
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CAPACITOR  MOTORS 
UNIT  IV 


UNIT  OBJECTIVE 


After  completion  of  this  un't,  tne  student  should  be  able  to  define  terms  associated  with 
capacitor  motors,  list  two  types  of  capacitor  motors,  discuss  capacitor  motors,  identify 
the  Wiring  diagrams  of  different  x:apacitor  motels,  and  start  a  seized  hermetic  compressor. 
This  knowledge  wiil  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent 
on  the  unit  test 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 


Define  terms  associated  with  can3citor  motors. 


2 


List  two  types  of  capacitor  motors. 


3 


Discuss  the  characteristics  of  capacitor  motors. 


4 


Discuss  C.SJ.R.  (Capacitor  Start-Induction  Run)  motors 


5 


Discuss  C.S.R.  (Capacitor  Start-Capacitor  Run)  motors. 


6 


Discuss  P.S.C   (Permanent  Split  Capacitor)  motors 


7 


Identify  the  wiring  diagrams  of  C.SJ.R.,  C.S.R,,  and  P.S.C.  motors. 


8 


Demonstrate  the  ability  to  start  a  seized  hermetic  compressor  motor 
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CAPACITOR  MOTORS. 
UNIT  IV 

SUGGESTED  ACTIVITIES 

Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  infornnation  and  job  sheets. 

C.  Make  transparencies. 

D.  Discu:>s  unit  and  specific  objectives. 

E.  Discuss  information  sheet.  i 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 

G.  Show  students  actual  capacitor  motors.  - 

H.  Disassemble  a  capacitor  motor  and  place  on  a  display  board. 

I.  Give  test. 
Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheet. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1,  TM  1  -C.S  I  R,  Motor  Wiring 

2.  TM  2--C.S.R.  Motor  Wiring 
3        TM  3--P.S.C.  Motor  Wiring 
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D.    Job  sheets 

1.       Job  Sheet  #1 -  Start  a  Seized  Hermetic  Compressor  Motor 
E:  Test 

F.     Answers  to  test 
11.  Reference 

A.  Schweitzer,  Gerald.  Basics  of  Fractional  Horsepower  Motors  and  Repair. 
Rochelle  Park,  New  Jersey:  Hayden  Book  Co.,  Inc.,  1960. 

Cirim,  John  H.  Refrigeration  System  Components,  Sidney,  Ohio:  Copeland 
Refrigeration  Corp.,  1967. 

C.  Althouse,  Andrew  D.;  Turnquist,  Carl  H.;  and  Bracciano,  Alfred  F.  Modem 
Refrigeration  and  Air  Conditioning,  Homewood,  Illinois:  Goodheart-Willcox 
Co.,  1975. 
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CAPACITOR  MOTORS 
UNIT  IV 


INFORMATION  SHEET 


I.  Terms  and  definitions  * 

A.  Dual-voltage  motors-Motors  which  are  designed  to  operate  on  more  than 
one  voltage 

B.  Capacitor  motors-Motors  which  use  a  start  capacitor  and/or  a  run  capacitor 
in  the  electrical  circuit 

C.  Hermetic  motor-Motor  which  is  sealed  in  the  hermetic  dome  with  the 
compressor 

II.  '  Types  of  capacitor  motors 

A.  Open  drive 

B.  Hermetic 

III.  Characteristics  of  capacitor  motors 

A.  Essentially  the  same  design  as  a  split-phase  motor 

(CAUTION:  Do  not  attempt  to  increase  the  torque  of  a  split-phase  motor 
by  inserting  a  start  capacitor  in  series  with  the  start  winding.  The  windings 
of  split-phase  motors  and  capacitor  motors  an  designed  differently  and  the 
insertion  of  a  start  capacitor  in  a  split-phase  motor  would  cause  permanent 
damage.) 

B.  Start  capacitor  is  in  series  with  start  winding 

C.  Higher  starting  torque 

D.  More  efficient,  less  amperage  drayy 

E.  Run  capacitor  is  parallel  to  both  windings 

IV     CS.LR   (Capacitor  Start-induction  Run)  motors  (Transparency  1) 

A     Designed  for  heavier  loads  than  split-phase  motors 

B     A  switch  must  be  provided  to  remove  start  capacitor  from  circuit  after 
starting 

C     Available  m  single  or  dual  voltage 
V     CS.R   (Capacitor  Start-Capacitor  Run)  motors  (Transparency  2) 
A     High  starting  torque 
B.     High  efficiency,  lower  amperage  draw 
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INFORMATLON  SHEET 

C.  High  power  factor 

D.  Increased  capacitance  at  instant  of  start 

E.  Start  winding  stays  in  phase  with  run  winding 

(NOTE:  This  enables  the  start  winding  to  help  the  load  requireme  's^  of 
the  run  winding.) 

VL    P.S.C.  ^(Permanent  Split  Capacitor)  motors  (Transparency  3) 

A     No  centrifugal   switch   in  open  drive  motors 

B     Low  starting  torque 

C.  No  motor  starting  relay 

D.  Direction  of  rotation  may  be  reversed 

E.  Potential  relav  and  start  capacitor  may  be  added  for  increased  starting 
'  torque 

(NOTE:  The  addition  of  a  potential  relay  and  a  start  capacitor  to  a  P.S.C. 
motor  IS  referred  to  as  a  hard  start  kit.) 

VII.    Wiring  diagrams  of  C.S.I.R.,  C.S.R,,  and  P.S.C.  motors  (Transparencies  1,  2,  and 
3) 


C.S.I.R.  Motor  Wiring 


^Start 
Capacitor 


Start 
Winding 


§  Main! 
o  Winding  i 


Current  Relay 


Line  Voltage 


C.S;R.  Motor  Wiring 


-Run  Capacitor 


^  Main  Winding 


5o 

Potential  Relay 


Start  Winding 


Line  Voltage 


P.S.C.  Motor  Wiring 


Run  Capacitor 


Start  Winding 


Main  Winding 


Line  Voltage- 
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CAPACITOR  MOTORS 
UNIT  IV 


JOB  SHEET  ^1-START  A  SEIZED  HERMETIC  COMPRESSOR  MOTOR 

(NOTE  The  success  of  starting  a  seized  compressor  is  very  limited  and  it  ix 
does  start  it  is  very  likely  that  it  wiil  seize  again.) 


I  Tools  dnd  materials 

A      120  VAC  stuck  hermetic  compressor 
B.     Hermetic  analyze. 
C      Run  capacitor 
D      Rubber  maliet 
E.  Ohmmeter 

II  Procedure  for  using  higher  voltage  momentarily 

A.  Remove  starting  components  from  compressor 

B.  Connect  hermetic  analyzer  to  compressor  (Figure 


FIGURE  1  240V 

Hermetic  Analyzer  ^  c|i  C 


Compressor  Motor 
C.     Connect  analyzer  power  cord  to  240  /AC  supply 

D     Momentarily  attempt  to  start  the  120  VAC  compressor  with  240  VAC 

(CAUTION  Dc  not  leave  the  240  VAC  applied  to  the  compressor  for  more 
than  a  \e\^  seconds  ) 

E      Bump  the  compressor  w.:h  the  rubber  maliet  a  couple  of  times 
Procedure  for  reversing  lOtation 

A     Connect  analyzer  power  cord  to  120  VAC  powe  supply 
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JOB  SHEET  #1 


B.     Place  d  ru 


n  capacitor  in  series  with  the  run  winding  (Figure  2) 


FIGURE  2 


Hermetic  Analyzer 


:0= 
120  V 


Cap    :.jr  m  Run  Winding 


(NOTE:  This  will  reverse  the  direction  of  rotation  of  the  compressor  motor.) 

C.  Have  instructor  check 

D.  Disconnect  hermetic  analyzer  from  power  supply 

E.  Disconnect  hermetic  analyzer  from  compressor 

F.  Replace  startiny  components  on  compressor 
G     Clean  up  and  put  away  tools 
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CAPACITOR  MOTORS 
UNIT  IV 


NAME 

TEST 


Define  the  terms  associated  with  Ccpacitor  motors, 
a.     Capacitor  motors  - 


b      Dual-voltage  t.iotors 


c      Herrr.etic  motors- 


List  two  types  of  capacitor  motors 

a 

b 

Dibcuss  the  ciiaracter-stics  of  caparitor  motors. 


Discuss  CSIR    (Capacitor  Start  Induction  Run)  motors 
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D^srj>s  P  S  r    <Ppr'r,rinent  Sui't  CapoCitor)  notors 


)^  i  R  ,  C  S  R  .  cHKj   P  S  C  nioio's 
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8.       Demonstrate  the  abitity  to  start  a  seized  hermetic  compressor  motor 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  it  should  be  completed.) 
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CAPACITOR  MOTORS 
UNIT  IV 

ANSWERS  TO  TEST 

1'       a.     Capacitor  motors-Motors  which  use  a  start  capacitor  and/or  a  run  capacitor 
in  the  electrical  circuit 

b.  Dual-voltage  motors-Motors  which  are  designed  to  operate  on  more  than 
one  voltage 

c.  Hermetic  motor-Motor  which  is  sealed  in  the  hermetic  dome  with  the 
compressor 

2.  a.     Open  drive 
b  Hermetic 

3.  Discussion  should  include. 

a.  Essentially  the  same  design  as  a  split-phase  motor 

b.  Start  capacitor  is  in  series  with  start  winding 

c.  Higher  starting  torque 

d.  More  efficient,  less  amperage  draw 

e      Run  capacitor  is  parallel  to  both  windings 

4.  Discussion  should  include. 

a      Designed  for  heavier  loads  than  split-phase  motors 

b      A  switch  must  be  provided  to  remove  start  capacitor  from  circuit  after 
starting 

c      AvaHable  in  single  or  dual  voltage 

5.  Discussion  should  include* 
a      High  starting  torque 

b      High  effici^cy,  lower  amperage  draw 
c      High  power  factor 

d      Increased  capacitance  at  instant  of  start 

e      Start  winding  stays  in  f-  ase  with  run  winding 

41? 


Discussion  should  include: 

a.  No  centrifugal  switch  in  open  drive  motors 

b.  Low  starting  torque 

c.  No  motor  starting  relay 

d.  Direction  of  rotation  may  be  reversed 

e.  Potential  relay  and  start  capacitor  may  be  added  for  increased  starting 
torque 

a.  C.S.R. 

b  P.S.C. 

c.     C.S.I. R. 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


4 1 3 


ARC  II  -  133-C 


THREE-PHASE  MOTORS 
UNIT  V 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be, able  to  match  terms,  list  types  of 
three  phase  motors,  discuss  the  characteristics  of  various  types  of  three-phase  motors,  and 
describe  the  procedure  of  reversing  the  rotation  of  a  three-phase  motor.  This  knowledge 
will  be  evidenced  by  scoring  eighty-five  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  co'i^pU?t!on  of  this  unit,  the  student  should  be  able  tc: 

1  Match  terms  associated  with  three-phase  motor   to  the  correct  definitions. 

2  List  the  three  major  types  of  three-phase  motors. 

3  Discuss   the   electrical   characteristics   of  three-phise  motors  and  their 

componen  ts 

4  Distmguish  between  a  symbolic  drawing  of  a  delta  wound  motor  and  a 
symbolic  drawing  of  a  wye  "Y"  wound  motor 

5  Discuss  the  synchronous  motor 

6  Discuss  the  squirrel  cage  motor 
DiscusL  'he  wound-rotor  motor 

P,         Dose         He  procedure  uf  reversing  the  rotafo-.  of  a  three  ohase  rnoror 
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THREE-PHASE  MOTORS 
UIMIT  V 


SUGGESTED  ACTIVITIES 


Instructor 

A.  Provide  student  with  objective  sheet. 

B.  Provicie  rtudent  with  information  sheet. 
C  Make  tran.oarencies. 

D  Discuss  uni^  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  DibcLb:9^ble  a  three-phase  motor  and  place  it  on  a  display  board. 

G  Have  :tudent  check  the  wiring  connections  on  six  and  nine  lead  motors 

H  Give  test. 

Student 

A  Read  objective  sheet. 

B  Studs/  information  sheet. 

C.  Take  test. 


INSTRUCTIONAL  MATE.^IALS 


Inctudad  in  this  un't 


A 


Objective  sheet 


B 


Information  sheet 


C 


Transparency  masters 


1 


TM  1"Wye  Motor  Lead  Connections. 


2. 


TM  2-  Delta  Wound  Motor 


3. 


TM  3 -Wye  "Y"  Wound  Motor  (Single  Speed) 


4. 


TM  4  Synchronous  Motof 


5 


TM  5  -Squirrel-Cage  Rotor 


6.       TM  6- Wound-Rotor  Motor 
D  Test 

£      Answers  to  test 
References. 

A  Schweitzer,  Gerald.  Basics  of  Fractional  Horsepower  Motors  ano  Repair. 
Rochelle  Park,  New  Jersey    Hayden  Book  Co.,  1960. 

B  Paraday.  W.  Hdrold;  Turner,  J.  Howard;  and  Colvin,  Thomas  S.  How  Electric 
Motors  Start  and  Hun,  Athens,  Georgia:  American  '  Association  for 
Vocational  Instructional  Materials,  July  1973. 
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THREE  PHASE  MOTORS 
UNIT  V 


INFORMATION  SHEET 


I  Terms  and  definitions 

Synchronous  Constant  speed  to  which  an  alternating  current  motor  adjusts 
Itself,  depending  on  the  frequency  of  the  power  supply  and  the  number 
o*  poles  tn  the  motor  > 

Squirrel  cage  rotor  Rotor  consisting  ^f  iwo  discs  connected  along  their 
circumference  with  copper  bars  ^which  creates  a  shunted  circuit 

(NOTE:  The  squirrelxage  motor  derives  its  name  by  using  the  squirrel-cage 
rotor  ) 

Wound-rctor  induction  motor-Similar  to  the  squlVrel-cage  rotor  with  the 
exception  that  the  windings  are  insulated  rather  than  shunted  and  the 
current  is  picked  up  through  carbon  brushes 

Adjustable  autotransformer-Transformer  in  which  parts  of  one  winding  are 
common  tc  both  the  primary  and  the  secondary  circuits,  and  the  output 
voltage  is  adjustable  from  zero  to  line  voltage 

(NOTE.  A  trade  name  for  this  is  a  Variac.) 

Brush  Piece  of  carbon  or  graphite  which  is  an  internal  part  of  a  motor 
and  ndes  on  the  commutator  or  slip  rings  to  provide  an  electrical  connection 
\o  tne  rotor 

Variable  resistor -^^'u'e  wound  resistoi  in  which  the  resis.ance  rnev  be  _ 
se!e':ted  through  a  gven  range  by  turning  of  the  control  shafc 

H     Major  tvpts  of  three-phase  motors 

A  Synchronous 

B     Squuret-cage  rotor 

C      Wound  rotor 

II  Glectncai  characteristics  of  three-phase  motors  and  their  components 
A     Three-phase  supply  voltage 

B      May  be  dual  or  single  voltage 


1         S'ngle  voltage  has  three  motet  leads 


B 


C 


D 
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INFORMATION  SHEET 

2.       Dual  voltage  has  six  or  nine  motor  leads 

Example         A  208-220/440  VAC  3  phase  motor  will  operate  ^  * 

on  either  208/220  VAC  3ph.  power  or  440  VAC 
3  phase  power.  Motor  lead  connections  are 
different  for  each.  (Transparency  1)  • 

■  \ 

C.  Rotor  .      .  . 

D.  Stator 

1        Three  smgle-phase  windings  ,  y 

2.       Each  winding  is  120  electrical  degrees  out  of  phase  with  the 
adjacent  winding 

iV     Delta  wound  motor  and  wye  "Y"  wound  motor  {Transparencies  2  and  ^3) 

V  Synchrofious  motor  (Transparency  4)  ,  " 
A.  Standard  stator  ,  * 
F      A  direct  current  source  of  excitation  for  rotor 

1  Mounted  on  rotor  shaft 

2  Piovides  the  starting  torque 
C.     Srnail.  low  torque  synchronous  motors  are  non^^xcited  .  ^ 
D     H'gii  po^;/er  f/K;or  ' 

VI  Squirrel  cage  mocor  ( Franspdrency  5) 
(NOTl*  The  squirrel  cage  motor  derives  its  name  by  use  of  ihe  squirrel-caqe 


A     induction  bcart  and  run 

B     Speed  is  determined  by  two  conditions 

1  Frequency 

2  Number  of  poles 

C      Low  to  niedairn  starting  torque 


4 
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;       std"t  !icj  I 


Wye  Motor  Lead  Connections 


208/220  Volts 


A)       ®  C3 

a)    (8)  (9 

®  C5)  (6 


440  Volts 


1)     (2)  (3; 

®  (8)  (9) 
4)        v'5)  (6) 


> 

o 


WYE  "Y"  Wound  Motor 

(Single  Speed) 


Synchronous  Motor 


Magnetic  Lock 


Stator 
3-Phase  Winding, 
Producing  A  Rotating 
Magnetic  Field 


Squirrel-Cage  Rotor 


Welded  At  All  Joints 


Laminations  Forming  Iron  Core 


Wound-Rotor  Motor 


Rotor 
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THREE-PHASE  MOTORS 
/UNIT  V 


NAME 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 


a.  Piece  of  carbon  or  graphite  which  is  an  1.  Brush 
internal''p3rt  of  a  motor  and  rides  on  the 

commutator  jr  slip  rings  to  provide  an  2.  Squirrel-cage 
electrical  connection  to  the  rotor  rotor 


b.  Rotor  consisting  of  two  discs  connected 
along  their  circumference  with  copper 
bars  which  creates  a  shunted  circurt 

c.  Constant  speed  to  which  an  alternating 
current  motor  adjusts  itself,  depending 
on  the  frequency  of  the  power  supply 
and  the  number  of  poles  in  the  motor 

^d.  Transformer  in  which  parts  of  one 
winding  are  common  to  both  the 
primary  "^nd  the  secondary  circuits,  and 
the  output  voltage  is  adjustable  from 
zero  to  line  voltage 


3.  Synchronous 

4.  Variable 
resistor 

.  5.  Adjustable 

autotransformer 

6.  Wound-rotor 

induction  motor 


e.  Similar  to  the  squirrel-cage  rotor  with 
the  exception  that  the  windings  are 
insulated  rather  than  shunted  and  the 
current  is  picked  up  through  carbon 
brushes 


f.  Wire  wound  resistor  in  which  tne 
resistance  may  be  selected  through  a 
given  range  by  turning  of  the  control 
shaft 


List  the  three  maior  types  of  three-phase  motors. 

3. 

b. 


0. 


4  h  0 


\ 


/ 


3.       Discuss  the  electrical  characteristics  of  three-phase  motor,;  and  their  components 


Distinquish  between  a  syrr^bolic  drawing  of  a  delta  wound  nnotor  and  3  symbolic 
drawing  of  a  wye  "Y"  wound  n-otor  by  placing  an  'X  under  the  drawing 
of  a  delta  wound  motor 


o — 


Phase  A 


Phase  B 


Phase  C 
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5.       Discuss  the  synchronous  motor. 


6.       Discuss  the  squirrel  cage  motor. 


7        Discuss  the  wound-rotor  ^iiotor 


,  ARC  II  -  155-C 
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8.       Describe  the  procedure  of  reversing  ths  rotation  of  a  three  phase  motor. 


ARC  II  -  157-C 


THREE  PHASE  MOTOR 
UNIT  V 


ANSWERS  TO  TEST 

1        a.     1  d.  5 

b.  2  e.  6 

c.  3  f.  4 

2.  a.  Synchronous 

b.     Squirrel-cage  rotor 
c  Wound-rotor 

3.  Discussion  should  include: 

a.  Three-phase  supply  voltage 

b.  May  be  dual  or  single  voltage 

1)  Single  voltage  has  three  motor  leads 

2)  Duai  voitaqe  has  six  or  nine  motor  leads 
c  Rotor 

d.  Stator 

1)  Three  smqle-ohase  windings 

2)  Each  winding  is  120  electrical  degrees  out  of  phase  with  the 
adjacent  windinn 

4  b 

5  Discussion  should  include. 
d      Standard  stator 

b      A  direct  current  source  of  excitation  for  rotor 

1)  Mounted  on  rotor  shaft 

2)  Provid(.»s  the  starting  torque 

r      Small,  low  torque  synchronous  motors  are  nonexci^ed 
d      High  power  factor 


4B1 
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6.        Discussion  should  include 

a      Induction  start  and  run 

b      Speed  is  determined  by  two  conditions 

1 )  Frequency 

2)  Number  of  pules 

c.      Low  to  medium  starting  torque 

7  Discussion  should  include  • 
a      Slip  ring  brushes 

b  '    Motor  control 

1)  Variable  resistor 

2)  Autotr.uisformer 
c      Variable  chatacteristics 

1 )  Startmq  torque 

2)  Current 

3)  Operaring  speed 
4 1  Acceleration 

d      Used  nnjistiy  on  lied^^y  equipment  vvhich  requires 
] )        High  startun^  torque 
2}        'Sm.ioth  acceleration 
3)        Van  speeds 

8  '       Descr!f)ti()r^  slioukl  mci.i       "^he  rotation  of  any  three  phasu  muy  be  reversed 

by  switchinq  any  .  vo  o^  the  Imp  voltage  leads 


• 
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WIRING  DIAGRAMS 
UMT  I 


UNIT  OBJECTIVE 


After  crm[)let.on  of  tins  unit,  the  sturient  ^iiouid  be  able  to  nidtch  terms  to  their 
clefinittons,  match  Sv-'ibois  to  con^ponent  names,  and  distinguish  between  pictorial  and 
scl^efnatic  winruj  fjia(irums  The  student  sliould  also  be  able  to  draw  pictorial  and  schematic 
wiring  diag^ms  Tins  knowleckje  will  h^^  -videticed  through  ci'^monstrdtion  and  by  scoring 
eighty  five  [)ercent  on  the  unit  test 


SPECIFIC  OBJECTIVES 

After  cc)m{)letion  of  this  i;       the  student  should  be  able  to 

1  Match  terms  associated  wth  wiring  diagrams  to  the  correct  definitions 

2  Idefitif^  ,vir;ng  diagrams 

3  Ijst  seven  characteristics  o^  a  pictorial  wiring  diagram 

4  List  five  charactLMistics  of  a  .cher^natic  Wiring  diagram 

5  I  tst  the  [(.;Ljr  mj]f)r  steps  in  building  a  ladder  schematic 

6  Disru     'lie  scheMi;..tic  legend 

7  'lir^h  sch(innati«.  svml)ols  to  comf^onent  names 

8  ^DpnioMStrdtc  the  ahihty  to 

a       Drciw  J  [)<}Sic  schematic  wirintj  duKirjr^n 
i)      D\<\\\'  cmront  reLjy  winruj  dujqiar^is 

'        Orao'  pnti'ntutl  relay  wiring  diagr.jms  of  a  sf! f  contamefl  unit 
fj      Ora'.v  hot  wire  relay  wiring  rhagraiTis  ^ 
f       Prri'v  HciS  r^rfu^ce  Wiring  diagrams 

[}r<ivv  outdoor  .  jnden^>'^^n  u]it  wirinc]  dhigranv. 
{j       L3rti>v    jdb  ;urna(  e  v\  ir  mui  duifiram'.  wi m  t wci  li  m  t  sr-'itc !  it^s 
h       Df<hv  eu'Ctru:  hjrn  ico  wiring  diaqr:}ms 


I.  lra\^  indoor  an  liandler  and  outdoor  condensing  unit  wiring  diag'-am. 

j.  Draw  a  domestic  refrigerator  wiring  diagram 

k  Draw  J  ladder  schematic  by  looking  at  a  domestic  refrigerator. 

I  Draw  a  Iddder  sclnematic  by  looking  at  a  window  air  conditioner. 

m     Draw  a  ladder  sclnematic  by  looking  at  a  system  with  low  voltage 
control  circuit 


ACR  II 


WIRING  DIAGRAMS 
UNIT  I 

SUGGESTED  ACTIVITIES. 

Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information,  assignment,  «nd  job  sheets. 

C.  Make  transpareacies. 

V 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  and  assignment  sheets. 

Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Obtai.^  wiring  diagrams  from  different  equipment  manufacturers  to  show 
students. 

H.  Have  students  make  wiring  diagrams  for  all  of  the  equipment  in  the  shop. 

I.  Ma»<e  games  for    .o-ching  the  principles  of  wiring  diagrams  such  as:  bingo, 
crossword  puz^.>,  scrambled  words,  concentration,  and  flash  cards. 

J.     Make  additional  assignment  anc!  job  sheets. 

K.    Give  test. 

Student: 

/A.     Read  objective  shdet. 

B      Study  "ntorniation  sheet 

C.     Complete  assignment  and  job  sheets 

0     Practice  Tiakmg  and  reading  wring  diagrams 

E.  Recheck  ail  wiring  on  papt^^  r.-eforc  Jom^  any  actua'  wirng 

F.  Take  tost, 

4f;b 


INS^  RUCTIONAL  MATERIALS  \ 

Included  in  this  unit: 
A-    Objective  sheet 

B.  Information  sheet 

C.  Transpa.x^ncy  masters 

1.  TM  ""-Pictorial  Wiring  Diagram 

2.  TM  2-Ladder  Schematic  Wiring  Diagram 

3.  TM  3-Symbols 

4.  TM  4"Svmbols  (Continued) 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1  -Draw  a  Basic  Schematic  Wiring  Diagram 

2.  Assignment  Sheet  #2--Draw  Current  Relay  Wiring  Diagrams 

3..       Assignment  Sheet  #3-Draw  Potential  Relay  Wiring  Diagrams  or 
5  Ssif  Contained  Unit 

4.  Assignment  Sheet  #4"Draw  Hot-Wire  Relay  Wiring  Diagrams 

5.  Assignment  Sheet  #5-Draw  Gas  Furnace  Wiring  Diagrams 

6.  ignment  Sheet  #e"Dravv  Outdoor  Condensing  Unit  Wiring 
Diagrams 

7.  Assignment  Sheet  #V"Draw  Gas  Furnace  Wiring  Diagrams  with 
Two  Limit  Switches 

8.  Assignment  She^i  #8"Draw  Electric  Furndce  \A'iring  Diagrams 

9.  Assignment  Sheet  #9"Draw  Indoor  Air  Hanv      and  Outdoor 
Condensing  Unit  Wiring  Diagram 

10.      ,  Assignment  Sheet  #10-Draw  a  Domestic  Refrigerator  Wiring 
Diagram 

E.  Answers  to  assignment  sneets 

F.  Job  sheets 

1        Job  Sheet  ^1--Draw  a   Ladder  Schematic  by   Looking  at  a 
Domestic  Retrigerator 

/.       -Job  Sheet  ^2-Drav^'  a  Ladder  Schematic  by  Looking  at  a  Window 
Air  Conditionef 

3.  Joli  ohcr^t  ^3  Drav;  a  Ladder  Schematic  by  Looku.y  o[  -  Sybl'^ui 
witii  Low  Voltage  Control  Circuit 


ACR  !l 


G.  Test 

H.  Answers  to  '.est 
References: 

A.  Russeil,  Allen  S.  Schematic  Wiring  Made  Easy,  Marshalltown,  Iowa:  Alien 
Russell  Associates,  1973. 

B.  Langley,  B.  C.  Electric  Controls  for  Refrigeration  and  Air  Conditioning. 
Englewood  Cliffs,  New  Jersey:  Prentice-HdII,  Inc.,  (974, 

C.  Russc!!,  Allen  S.  Getting  Started  in  Heating  and  Air  Conditioning  Service. 
Birmingham,  Michigan:  Business  News  Publishing  Co.,  1973. 
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WIRING  DIAGRAMS 
UNIT  I 

INFORMATION  SHEET 

I.  Terms  and  definitions 

A     Wirng  d  agram-Drawmg  of  electrical  circuits 

B  Pictorial- Wiring  diagram  wh.ch  shows  either  pictures  or  representative 
drewinas  of  each  component,  components  are  positioned  as  they  would 
appear  in  the  equipment 

C      Ladder  schematic  Line  drawing  which  uses  symbols  for  circuit  components 

(NOTE-  The  term  ladder  comes  from  the  fact  that  each  leg  of  the  power 
supply  is  the  side  rails  of  the  ladder  and  the  parallel  circuits  across  the 
hne  form  the  rungs  of  the  ladder.) 

D.     Legend-  Descriptive  list  of  the  components  m  a  wiring  diagram 

E  Symbol -Drdwing  which  represents  a  particular  component  m  a  wiring 
diagram 

II.  Wiring  diagrams 

A     Pictoriar  (Transparency  1) 
B.     Ladder  schematic  (Transparency  2) 
III.    Characteristics  of  pictorial  wiring  diagrams 
A.    System  components 

1.        Representative  drawings 

2        Detailed  reproduc  ions 
B     Fhows  components  sn  their  approximate^ocation 
C     Provides  a  gooo  guide  for  field  wiring 
D.    Circuits  are  difficult  to  trace  * 
E      Line  voltage  and  low  voltage  circuit?  are  shown  together 
V     Characteristtcs  of  ladder  schematic  wiring  diagrams 
A     Sy^teni  cofnponents  ore  showii  by  symbols 
i  .     Schennatic  wiring  diagrams  build  a  ladder 
(  .     Ladder  rungs  are  individual  c.rcuits 

47  } 
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INFORMATION  SHEFT 


VAC  120  VAC     -  > 


240  VAC 


*1      FIGURE  1 


-      Stuarnto  pirallci  circu't  ) 


C  H 


C.H  -  Crankcase  Fi'j.i^m 

0  F  M.  -Outdoor  Fd(^  MoU^r 

P.S  C-  Comp    PernuJne; 't 

Sy>\\i  Cdi)ricitor 
Con^pf'^ssr^ 


riGU 


n  r 


A 

C 


i 


T  T 


F  U .  U  H  f 
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INFORMATION  SHEET 


0     Connect  all  circuits  across  the  line  {Figure  4) 


i 


C  H. 


L2 


FIGURE  4 


VI.  Schematic  legend 
^    A.     Identifies  schematic  components 

B.  Distinguishes  differences  m  manufacturer's  symbols 
C     Aids  in  locating  components 

VII.  Schematic  symbols  (Transparency  3) 
A.    Capacitor   j  ^  


B  Coils 


C.     Contacts  — |  |   --^Nv]; — 


Ciused 


D.  Conductors 


E  Fuse 


Crossintj  J'jfjction 


F      Fusible;  link  ^\_/~^ 


G      Groiiiid  f.onnection 


1^,F0K^'  '  TION  SMFET 


•qht 


^'ey^ior  or  resists  ko  'K^ater  ./\^Ay^ 


Tiu;i  rr^ocouule  \ 


v 


TraiiS'Orrncr 


O/ii^^-JOr'.   i  > 


J  no  u 


INFORMATION  SHEET 


X.    Temperature  sWitcn 


ClosH  On  Open  On 

Temperature  Temperature 
Ris*^  Rise 


Y.    Permanent  split  capacitor  motor 


Z     Single-phase  moto 


AA.  Three-phase  motor 


Pictorial  Wiring  Diagram 


Power  Cord 


Compressor  Overload 


Thermostat 


Compressor  Motor  Terminals 


Evap.  Side 


Cond.  &  Evap.  Fan  Motor 


Cond.  Side 


> 

n 

J3 
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Ladder  Schematic  Wiring  Diagram 


Li 


Neutral 
220  VAC-i- 


— 


N 


V 


Med. 


Lo 


Hi 


Switch 


Thermostat 


Bimetal  (  )) 
Overload 


Fan  Motor 


Fan  Capacitor 


PSC  Compressor 
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Capacitor 

Coils 

Contacts 


Symbols 


H  I- 


^nmr^ — 


Resistor 


Mdltiole 

Conductor 

Cable 


Open       Closed  Thermocouple 


Conductors 


Crossing  Junction 


Fuse 

Fusible  Link 

Ground 
Connection 

Light 


Transformer 


Thermal 
Overload 


Switch 


o  /o/o 


Disconnect 


Single  Pole 
Single  Throw 


SPST 


Single  Pole 
Double  throw 


SPDT 


Double'  Pole 
DoubleThrow 

o  o- — v> 


Bimetal 
Switch 


Thermistor 
Connectors 


DPDT 


> 


Male  Female 


o  o 
^Normally  Open) 
Push  Button  ii 

Q  U  Q 


(Normally  Closed) 


> 

o 

33 
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Pressure  ^40  NC 


Temperature 


Close  on  Rising 


Temperature 


Open  on  Rising 
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WIRING  DIAGRAMS 

UNIT  I  .  >  > 

C 

ASSIGNMENT  SHEET  #1--DRAW  A  BASIC  SCHEMATIC  WIRING  DIAGRAM-— 


In  the  space  provided  below  draw  a  schematic  wiring  diagram  with  the  following 
componfcnts:  120  VAC  fused  power  supply,  three  loads,  two  SPST  switches,  and  one 
control  relay  with  a  line  voltage  coil.  Each  load  is  to  be  a  parallel  circuit,  control  two 
loads  with  the  relay,  one  load  with  a  SPST  sv;itch,  and  the  relays  coil  with  a  SPST  switch. 
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WIRING  DIAGRAMS 
-  UNIT  I 


ASSIGNMENT  SHEET' #2-DRAW  CURRENT  RELAY  WIRING  DIAGRAMS 

Follow  the  procedure  listed  to  complete  the  pictorial  wiring  diagram  below. 

1.  Connect  thermostat  in  series  with  ''L"  on  relay  in  the  hot  leg  of  the  power 
supply. 

2.  Connect  start  capacitor  in  series  between  "S"  on  relay  and  "S"  on  compresso- 
motor. 

3.  Connect  overload  in  series  between  "C"  on  compressor  motor  and  neutral  Jeg 
of  the  power  supply. 


Bimetal  Overload 


fAcr 

Current-Type 
Starting  Relay 


H 

1 

T 

Cold  Control 
(thermostat) 
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/SSIGNMENT  SHEET  r> 


4.       In  the  space  provided  below  drav  a  ladder  schematic  of  th^  pictorial  wiring 
diagranfi. 


5.       Identify  all  components. 


v.. 


or- 
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WIRING  DIAGRAMS 
U^;lT  I 


ASSIGNMENT  SHEET  #3--DRAW  POi;fNTIAL  RELAY  WIRING  DIAGRAMS 

OF  A  SELF-CONTAINED.  UNIT 


Follow  the  procedure  listed  to  complete  the*  pictorial  wiring  diagram  below. 

1.       Connect  thermostat  in  series  with  contactor  Coil  and  a  fuse. 

(NOTE:  Contactor  coil  is  120  VAC  which  requires  using  ohe  leg  of  tht  ^40 
VAC  (I2)  and  neutral.) 

(CAUTION:  All  rvitches  are  to  be  in  the  hot  leg.) 
Z      'Connect  power  Li  and  L2  to  contacto^r  Li  and  L2  with  fuses  in  series. 

3.  Connect  T-)  to  #3  on  overload.       ^  °       .  ' 

4.  Connect  #1  on  overload  to  "C*  on  compressor  motor.  , 

5.  Connect  relay  #5  to  "C"  on  compressor  motor. 

6.  *  Connect  relay  #2  to  "S"  on  compressor  motor. 
?•      Connect  relay  #V  to  one  side  of  start  capacitor. 

8.  Connect  other  side  of  start  capacitor  to  Tjf. 

9.  Connect  T2  to  "R"  on  compressor  motor. 

^  10.       Connect  ryn  capacitor  identified  terminal  to  "R"  on  compressor  motor. 
11.       Connect  other  side  of  run  capacitor  to  "S"  on  compressor  motor. 


4SC 


ASSIGNMENT  SHEET  #3 
To  Power  Supply 


V"- 


Grounding  Lug 


Fuse 


Disconnect.  Switch 


■  0-0  0  " 

se- 


120  VAC  Coil- 


'Contactor 


f4 

Overload 

-  Co 

T 

Id  ContrpI 

Identified 
Terminal 


Running  Capacitor 


G 


Starting  Capacitor 


Cofnprpssor  Motor 
230  VAC 


4 
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ASSIGNMENT  SHEET  #3  ■  '  . 

12.  In  the  space  provided^draw  a  ladder  schematic  of  ^he  pictorial  wiring  diagranri. 

13.  Identify  alf  components. 


4  I 
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WIRING  DIAGRAMS 
"      UNIT  I 


ASSIGNMENT  SHEET  #4-D RAW' HOT-WIRE  RELAY  V^flRING  DIAGRAMS  . 

FoUow  the  prooedi'r«  listed  to  complete  the  pictorial  wiring  diagram  below. 

1.  Connect  thermostat  in  series  with  "L"  on  relay  in  the  hot  leg  of  the  power 
supply. 

2,  Connect  "S"  on  relay  to  "S"  on  compressor  motor. 
3^      Connect  "M"  on  relay  to  "R"  on  compressor  motor. 
A.      Connect  "C"  on  compressor  motor  to  neutral. 

5.  Connect  one  sld^  of  door  light  switch  to  hot  leg  of  power  supply. 

'  -J. 

6.  Cbnnect  other  side  of  door  light  switch  to  one  side  of  door  light. 

s 

7.  Connect  other  side  of  door  light  to  neutral. 
To  Power  Supply 


1 


Door  light 
.Switch 


1 


Door 
Light 


Thermostat 


Compressor  Motor 


Hoi  Wire 
Starting  Relay 
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ASSIGNMENT  SHEET  #4 
'It 


In  the  space  provided  below  draw  a  ladder  schematic  of  the  pictorial  wiring 
diagram. 

Identify  all  components. 


4;iJ 
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WIRIWG  DIAGRAMS 
"   .  UNIT  I 

ASSIGNMENT  SHEET  #5-DRAW  GAS  FURNACf  WIRING  DIAGRAMS  ^ 

Follow  the  procedure  listed  to  complete  the  pictorial  wiring  diagram  below. 

1.  Connect  one  lead  of  the  transformers  primary  winding  to  the  hot  teg  of  the 
power  supply. 

2.  Connect  other  side  of  transformer  to  neutral. 

.  3.       Connect  one  side  of^fan  control  to  hot  leg  of  power  supply. 

4.  Connect  bther  side  of  fan  control  to  one  side  of  fan  motor. 

5.  Connect  other  side  of  fan  motor  to  neutral. 

6.  Connect  the  limit  control,  thermostat,  pilot  safety  device,  and  main  gas  valve 
in  a  series  circuit  with  the  secondary  of  the  transformer. 

To  Power  Supply 

H  i 


Primary 


Secondary 


Fan  "Control 


Limit  Control  '^^V  Indoor  Fan  Motor 


Thermostat 


T 


Pilot  Safety  Device 


Main  Gas  Valve,  24V 
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ASSIGNMENT  SHEET  #5 

7,  In  the  spau.  provided  draw  a  ladder  schematfc  of  the  pictorial  wiring  diagram. 

8,  Identify  all  components. 


/ 

/ 


/ 

/ 
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WIRING  DIAGRAMS 
UNIT  I 

ASSIGNMENT  SHEET  #6-DRAW  OUTDOOR  CONDENSING  UNIT  WIRING  DIAGRAMS 

Follow  the  procedure  listed  to  complete  the  pictorial  wiring  diagram  below. 

1.  Connect  "Y*'  and  '*C"  to  low  voltage  supply  for  coil,  using  dotted  lines. 

2.  Connect  fused  l-i  to  L-|  on  contpctor. 
3*       Connect  fused  L2  to  L3  on  contactor. 

4.  Connect  T-]  ^o  comr  on  on  run  capacitor.  '  ' 

5.  Connect' T3  to  "C"  on  fan  motor  and  "C*  on  compressor  motor. 

6.  Connect  common  on  run  capacitor  to  "R'*  on  fan  motor  and  to  "R"  on 
compressor  motor. 

7.  Connect  the  "comp,"  terminal  on  the  run  capacitor  to  "S"  on  compressor  motor. 

8.  Connect  the  fan  terminal  on  the  run  capacitor  to  "S"  on  fan  motor. 


I  c 


Low  Voltage  Supply 
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9.  In  the  space  provided  draw  a  ladder  schematic  of  the  pictorial  wiring  diagram. 
10.       Identify  all  components. 
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WIRING  DIAGRAMS 
UNIT  I 

ASSIGNMENT  SHEET  #7-DRAW  GAS  FURNACE  WIRING  DIAGRAMS 
WITH  TWO  LIMIT  SW  TCHES 

Follow  the  procedure  listed  to  complete  the  piciorial  wiring  diagram  on  the  following 
page. 

1.  Connect  one  lead  of  the  transfornner  primary  in  series  with  the  upper  limit  control 
and  the  hot  leg  of  the  power  supply. 

2.  Connect  the  other 'lead  of  the  transformer  primary  to  neutral. 

3.  Connect  "R"  on  transformer  secondary  to  "R"  on  thermostat. 

4.  Connect  "W"  on  thermostat  to  one  side  of  limit  control  in  fan  and  limit 
combination. 

5.  Connect  other  side  of  limit  to  one  side  of  gas  valve. 

6.  Connect  other  side  of  gas  valve  to  "C"  on  transformer  secondary. 

7.  Connect  "G"  on  thermostat  to  #3  .of  blower  relay  coil. 

8.  Connect  #5  of  relay  coil  to  '*C"  on  transformer  secondary. 

9.  Connect  #2  of  relay  to  hot  leg  ov  power  sjpply. 

10.  Connect  #6  of  relay  tp  fan  switch  contacts  in  fan-limit  switch. 

11.  Connect  othe''  side  of  (N.O.)  fan  switch  to  "Lo"  on  blower  motor. 

12.  Connect  #4  of  relay  to  /*Hi"  on  blower  motor. 

13.  Connect  "C"  on  blower  motor  to  neutral. 
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Iff 


Thermostat 


Bio  war  Motor 
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ASSIGNMENT  SHEET  #7  ^ 


14.  In  the  space  provided  draw  a  ladder  schematic  of  the  pictorial  wiring  diagram. 

15.  Identify  all  components. 
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WIRING  DIAGRAMS 
UNIT  I 


ASSIGNMENT  SHEET  #8--DRAW  ELECTRIC  FURNACE  WIRING  DIAGRAMS 

Follow  the  procedure  listed  to  complete  the  pictorial  wiring  diagram  on  the  following 
page. 

1.  Connect  of  circuit  1  to  one  side  of  fuse  1. 

2.  Connect  other  side  of  fuse  1  to  #2  of  blower  relay. 

3.  Connect  #6  of  blower  relay  to  one  side  of  the  supplementary  fan  control. 

4.  Connect  other  side  of  supplementary  fan  control  to  "L"  on  blower  motor. 

5.  ^  Connect  #4  of  blower  relay  to  "H"  of  blower  motor. 

Connect  "C"  of  blower  motor  to  fuse  2. 

7.  Connect  fuse  2  to  L2  of  circuit  1. 

8.  Connect  fuse  2  to  RH1  of  sequencer. 

9.  Connect  PHI  of  sequencer  to  RH1  of  heating  element. 

10.  Connect  other  side  of  RHV  heating  element  to  fuse  1. 

11.  Connect  fuse  3  to  Li  of  circuit  2. 

12.  Connect  other  side  of  fuse  3  to  RH2  of  sequencer. 

13.  Connect  RH2  of  sequencer  to  RH2  heating  element. 

14.  Connect  other  side  of  RH2  heating  element  to  fuse  4. 

15.  Connect  fuse  4  to  L2  of  circuit  2. 

16.  Connect  fuse  4  to  one  side  of  auxilliary  contacts  of  sequencer. 

17.  Connect  other  side  of  auxilliary  contacts  to  one  side  of  RH3  heating  element. 

18.  Connect  other  side  of  RH3  heating  element  to  fuse  3. 
,    19  Connect  Li  and  L2  of  transformer  to  fuses  1  and  2. 

2D.X  t^onnect  "C"  on  transformer  to  "C"  on  terminal  board. 

21.  Connect  "R"  on  transformer  to  ?R"  on  terminal  board. 


ERJC 


498 


40-0 


ASSIGNMENT  SHEET  #8 


22.  Connect  ail  corresponding  letters  between  thermostat  and  terminal^  board. 

23.  Connect  W1  on  terminal  board  to  one  side  of  Heater  1  of  sequencer. 

24.  Connect  other  side  of  Heater  1  to  "C"  on  terminal  board. 

25.  Connect  W2  on  terminal  board  to  one  side  of  Heater  2  on  sequencer. 

26.  Connect,  other  side  of  sequencer  Heater  2  to  one  side  of  outdoor  thermostat. 

27.  Connect  other  siuts  of  outdoor  thermostat  to  "C"  6n  terminal  board. 

28.  Connect  "G"  on  terminal  board  to  #5  on  blower  relay. 

29.  Connect  #3  on  blower  relay  to  "C"  on  terminal  board. 


Thermostat 

< 

Outdoor 

R 
0 

W1  W2 

0  0 

G 

0 

Thermostat 
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Heater  1 


Sequencer 


Terminal  Board 


•  R 

•  G 

mm 

•  W1 

cm 

Transformer 


Circuit  1 


Fuses 


Blower  Relay 

Heating  Elements 


• 

• 

• 

RH3 

• 

• 

• 

.L2 


Ground 


-  Ll 
^L2 


Circuit  2 


Supp  Fan 
Control 
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V 


Outdoor 
Thermostat 


Aux.  Cent. 


Heater  1 


Thermostat 

i 

R 

W1  W2 

G 

.  0 

O  0 

0 

Terminal  Board 


Y« 

•  G 

mm 

•  W1 

1^,  '    I  Transformer 


liVTl2 


Sequencer 

Fuses 

Blower  Relay 

Heating  Elements 


Circuit  1 


.LI 
.L2 


Ground 


Circuit  2 


• 

• 

• 

RH1 

RH2 

RH3 

• 

• 

• 

Supp  Fan" 
Control 
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30.  In  the  space  provided  draw  a  ladder  schematic  of  the  pictorial  wiring  diagram. 

31.  Identify  all  components. 
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WIRING  DIAGRAMS 
UNIT  I 


ASSIGNMENT  SHEET  #9--DRAW  INDOOR  AIR  HANDLER.  AND  OUTOOOR 
CONDENSING  UNIT  WIRING  DIAGRAM 

Follow  thie  procedure  listed  to  complete  the  pictorial  wiring  diagrai^n  on  the  following 
page. 

1.       Connect       and  Ljj  to  fuses. 

,2.   "    Route  power  leads  from  fuses  throbugh  the  cable  entrance  opening  in  outdoor 
condensing  unit; 


3. 

Connect 

4. 

Connect 

5. 

Connect 

6. 

Connect 

»7. 

Connect 

8.- 

Connect 

9. 

Connect 

10. 

Connect 

11. 

Connect 

12. 

Connect 

13. 

Connect 

14. 

Connect 

15. 

Connect 

16. 

Connect 

17. 

Connect 

18. 

Connect 

19. 

Connect 

high-pressure/  low-pressure  contacts  in  series  with  contactor  coil. 
20.       Connect  other  side  *of  contactor  coil  to  "C"  on  terminal  block/ 
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Connect  "G"  on  terminal  block  to  one  side  of  fan  relay  coiL 
Connect  ether  side  of  fan  relay  coil  to  "C"  on  terminal  block. 
Connect^ne  side  of  fan  relay  contacts  to  houiie^  of '  power  supply. 
Connect  other  side  of  fan  relay  contacts  to  one  side  of  indoor  fan  motor. 
Connect  other  side  of. indoor  fan  motor  to  neutral. 


/ 

/ 
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To  Power  Supp4y 


Disconnect  Switch 


fuses 


Cable  Entrance 


230V 


-  Primary 


24V 


Secondary 


L1<^  L2<^ 


Contactor 


Low-pressure 

Control 


i 


V 


High  .  ssure 
Control 


To  Power  Supply 


Fan  R«]av 
24V  Coil 


!  Y 

i 


I  6 


T«rminal  Block 


Indoor  Air  Handler 


Starting 

Relay 

(Potential) 


0 


Starting 
Capacitor 


Compressor 
Overload 


9  9 


230V 

Compressor 
Motoi 


?30V  Outdoor 
fdn  Motor 


Outdoor  Condensing  Unit 
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26.  In  the  space  provided  draw  a  ladder  schematic  of  the  pictorial  wiring  diagram. 

27.  Identify  all  components. 
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WIRING  DIAGRAMS 
UNIT  I 


ASSIGNMENT  SHEET  #10-DRAW  A  DO.MESTIC  REFRIGERATOR 

WIRING  DIAGRAM 


Use  the  pictorial  wirinq  diagram  of  domestic  refrigerator  and  draw  a  ladder  schematic} 
wiring  diagram. 


r 


r 


o  sot; 
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UNIT  I 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 


Hot 


Ground 


-120  VAC 


Fuse 


SPST 
Switch 


i  J 

Control  Relay 
Contacts 


SPST 
Switch 


Light  Bulb 


Light  Bulb 


Light  Bulb 


Control 
Relay  Coil 


Neutral 
— > 
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Assignment  Sheet  #2 


Bimetal  Overload 


Current-Type 
Starting  Relay 


Compressor  Motor 


Cold  Control 
(thermostat) 


Compressor 
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To  Power  Supply 


Grounding  Lug 


Cold  Control 
(Thermostat) 


Compressor  Motor 
•230  VAC 
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LI 


Neutral 


L2 


isconnect  Switch 


7 


L2j 
T2 


Contactor 

Co*'  Thermostat 


Potential  Relay 


Start 
Capacitor 


Overload 


PSC  Compressor 
Motor 
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Compressor  Motor 


Hot  Wire 
Starting  Relay 
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To  Power  Suppiy 

H 


ERIC 


Secondary 


Thermostat 


^ — o- 


115V  Indoor  Fan  Motor 


Pilot  Safety  Device 
H 


Main  Gas  Valve,  24V 
Gr. 


N 


Fuse 


Fan  Control 


Fan  Motor 


Primary , 


Secondary 


Transformer 


4t- 


Pilot  Safety 


Limit 
Control 


Thermostat 


Gas 
Valve 
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-«   240  VAC  ► 


Y  Compressor  Motor  q 

-«  '  24  VAC  :—  —  ► 

 .  e— ^V-e  


Contactor  Coil 
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Upper  Limit 


Thermostat 
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Outdoor 
Thermostat 


Aux.  Cont. 


Heater  2 

RH1 


Heater  1 


Thermostat 


R 

Q 


W1 

O 


W2 
0 


G 
Q 


Terminal  Board 


Sequencer 


f-Nr4 


3 

4#- 


^  W1 


Blower  Relay 


Transformer 


Circuit  1 


.L1 
.L2 


Ground 


Heating 


RH1 


RH2 


RH3 


Supp  Fan 
Control 


Blower  Motor 
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ill 


Circuit  1 
Fuse  1  Fuse  2 


L2 


Blower  Relay 
Con  tarts 


F.M. 


Heating- 
Element  1 


RH1 


Primary 


Secondary 


\ 


RH1 


J  o — "n  i— 


P,  — ,  RH2 


s   / 


Thermostat 


Blower 
Relay  Coll 


LI 


(^Fuse  3 


L2 


Circuit^iJ 


Fuse  4 


RH2 


Heating 
'  Element  2 


Heating 
Element  3 


Auxilary 
Contacts 
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To  Power  Supply 


To  Power  Supply 
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Outdoor  Condensing  Unit 
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Assignment  Sheet  #9  (Continued) 


Secondary 


\ 


Fan  Relay  Coi! 

— V— ♦ — 


H.P.     Contactor  Coil 


\      b      /  0  L  LP. 
Thermostat 


LEGEND 


F.R.C.  -Fan  Relay  Contacts 

H.  P.  -High  Pressure  Switch 

I,  F.M.-  Indoor  Fan  Motor 
L  *^.-Low  Pressure  Switch 
O.F.M.-  Outdoor  Fan  Motor 
O.L--Overload 

R.C. -Run  Capacitor 
S.C.-Start  C  pacitor 
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H 


H 

CD 

3  CO 


0  5.  g 


Gr 

1 

Cabinet  Warmer  Wire 
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Light  Switch 
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Compressor 
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WIRING-DIAGRAMS 
UNIT  I 


JOB  SHEET  ^\  DRAW  A  LADDER  SCHEMATIC  BY  LOOKING  AT  A 
■  DOMESTIC  REFRIGERATOR 


Tools  and  materials 

A     Domestic  refrigerator 

B      Standard  slot  type  screwdriver 

C     Phillips  screwdriver 

D.  1/4"  nut  driver 
E      Pencil  and  paper 
Procedure 

A     Disconnect  electrical  power  'o  refrigerator 

(NOTE:  Anytsnne  the  electrical  power  is  disconnected  from  a  refrigerator 
that  has  been  operating  the  doors  should  be  left  open  to  prevent  the 
.formation  of  mildew  and  offensive  odors.) 

B.  ChecK  b.      of  refrigerator  for  a  pictorial  wiring  diagram 

C  Remove  any  panels  or  grilles  necessary  to  locate  electrical  components 

D  Record  make  and  model  number 

E.  Locate  the  load  of  each  parallel  circuit 

F      Locate  the  controls  which  are  in  series  with  each  load 

G      Locate  mulhon  and  perimeter  heater  Circu'ts 

(NOTE  These  heaters  are  on  anytime  tnere  is  electrical  power  to  the 
refrigerator,  so  there  will  not  be  a  control  in  series  with  these  loads.) 

H  Start  a  ladder  schematic 

I  Draw  each  individual  circuit 

J  Label  ah  coinponents 

K  Have  ifistructor  check 

L  RtH^la^^*   ar^v  [^df^eib  Of  grilles  that  wmv'  rf^moved 

M  CU'an  Ufj  afui  f)i!t  dway  tools 
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WIRING  DIAGRAMS 
UNIT  I 

JOB  SHEET  #2  DRAW  A  LADDER  SCHEMATIC  BY  LOOKING 
AT  A  WINDOW  AIR  CONDITIONER 

I     Tools  and  materials 

A  Window  air  conditioner 

B  Standard  slot  type  screwdriver 

C  Phillips  screwdriver 

D  1/4"  nut  driver 

E  5/16"  nut  driver 

F.  Pencil  and  papef 
II.  Procedure 

A.  Discon^nect  electrKal  power  to  the  air  conditioner 

B.  Rennove  air  conditioner  from  cabinet 

C.  Remove  any  panels  necessary  to  locate  electrical  components 
D  Record  rnoh.e  and  model  nurnuer 

E  Start  a  ladder  schematic 

F.  Trace  the  wiring  to  the  fan  motor 

G  ''raw  the  fan  motor  circuit 

H.  Trace  the  wiring  to  the  compressor 

I  Draw  the  compressor  circuit 

J.  Check  for  any  other  load  circuits 

K.  Labp'  uti  components 

L.  Have  'nstru  :tor  check 

M.    Replace  any  panels  that  we'e  rer  .'ed 

N      Replace  au  conditioner  in  i*^.  cat^met 

0.     Clean  up  and  f)Ut  away  tools 


WIRING  DIAGRAMS 
UNIT  I 


JOB  SHEET  #3-DRAW  A  LADDER  SCHEMATIC  BY  LOOKING 
AT  A  SYSTEM  WITH  LOW  VOLTAGE  CONTROL 

Tools  and  materials 

A.  Heating  or  cooling  system  with  24  VAC  control 

B.  standard  slot  type  screwdriver 

C.  Phillips  screwdriver 
D  1/4"  nut  driver 

E.  5/16"  nut  driver 

F,  Pencil  and  paper 

A  Disconnect  electrical  power  to  system 

B  Remove  any  panels  necessary  to  locate  electrical  connponents 

C.  Record  make  and  model  number 

D  Locate  line  voltage  loads 

E  Locate  low  voltage  loads 

F.  Start  a  ladder  c.fcutt 

G  Show  proper  fusing 

H  Indicate  disconnect  tf  used 

I  Draw  line  voltage  circuits 

J  Draw  low  voltage  CKCuits 

K  Have  instructor  check 

L  Replace  any  pane's  that  were  removed 

M.  Clean  up  and  out  away  tools 
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NAME 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 

1. 


a.  Line  drawing  which  uses  symbols  for 
circuit  components 

b.  Descriptive  list  of  the  components  in  a 
wiring  diagrcm 

c.  Wiring  diagram  which  shows  either 
pictures  or  representative  drawings  of 
each  component;  components  are 
positioned  as  they  would  appear  in  the 
equipment 

_d.  Drawing  of  electrical  circuits 


_e.  Drawing  which  represents  a  particular 
component  in  a  wiring  diag'^am 


Identify  the  wiring  diagrams  below. 


2. 
3. 


Symbol 

Pictorial 

Wiring 
diagram 

Ladder 
schematic 

Legend 


Neutral 
220  VAC  ± 


^2  Med 

.3  :  Lo 


 4  :  Hi 


Switch 


Thermostat 


Btmetal  f  ) 
OveHoad 


Fan  Motor 


^2 


Fan  Capacitor 


PSC  Compresso. 
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70-D 


Power  Cord  Svvitch 


Compressor  Overtoad 


b. 


Compressor  Motor  Terminab 


Cdnd.  &  Bffp.  Fen  Motor 


Cond.  Side 


Mtr.Cm. 


3.       List  seven  characteristics  of  a  pictorial  wiring  diagram. 


1) 
2) 


c. 


d. 


e. 


4.  List  five  characteristics  of  a  ladder  schematic  wiring  diagram, 
a. 
b. 
c. 
d. 
e. 
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List  the  four  major  steps  in  building  a  ladder  schematic. 

a. 

b. 

c. 

d. 

Discuss  the  schematic  legend. 


Match  terms  to  the  correct  basic  electrical  symbols. 

 ^a.  Single  pole  single  throw  (SPST)  1. 

 b.  Ground  connection 

2. 

 ^c.  Capacitor 


^d.  Push  button  (normally  open] 

_e.  Switches  disconnect 

_f.  Permanent  split  capacitor  motor 

_g.  Light 

_h.  Contacts 

i.  Coils  , 


J.  Bimetal  switch 

^k.  Temperature  switch 

J.  Double  pole  double  throw  (DPDT) 

m.  Push  button  (normally  closed) 

_^n.  Thermal  overload 

o.  Fusible  link 


10, 


11. 


t  / 


r  J2  D 


_p.  Resistor  or  resistance  hiater 

_q.  Single-phase  motor 

_r.  Single  pole  double  throw  (SPOT) 

 ^s.  Thermocouple 

 ^t.  Thermistor 

 ^u.  Three-phase  motor 

 v.  Connectors  . 

 ^w.  Pressure  switches 

 ^x.  Transformer 

y.  Multiple  conductor  cable 

 z.  Conductors 

aa.  Fuse 


12. 
13. 

14. 


Close  On  Open  On 

Rise  R>s* 


16. 


18.  4 

19-   ^ 


20.  • 


21. 


23. 


24.  — — 

25.  H  h  -4V 

26.  ..-J  s- 


27. 


ACK  II  - 


73-D 


8.       Demonstrate  the  ability  to: 

a.  Draw  a  basic  schematic  wiring  diagram. 

b.  Draw  current  relay  wiring  diagrams. 

c.  Draw  potential  relay  wiring  diagranr^s  of  a  self-contained  unit. 

d.  Draw  hot-wire  relay  wiring  diagrams.  ' 

e.  Draw  gas  furnace  wiring  diagrams. 

f.  Draw  outdoor  condensing  unit  wiring  diagrams. 

g.  Draw  gas  furnace  wiring  diagrams  with  two  limit  switches. 

h.  Draw  electric  furnace  wiring  diagrams. 

i.  Draw  indoor  air  handler  and  outdoor  condensing  unit  wiring  diagram, 
j.  Dr?  V  a  domestic  refrigerator  wiring  diagram. 

k.  Draw  a  ladder  schematic  by  looking  at  a  domestic  refrigerator. 

I.  Draw  a  ladder  schematic  by  looking  at  a  window  air  conditioner. 

m.    Draw  a  ladder  schematic  by  looking  at  a  system  with  low  voltage  control 
circuit.  ^  ^ 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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a.  4  d.  3 

b.  5      •  e.  1 

c.  2 

a.  Ladder  schematic 

b.  Pictorial 

a.  -System  components 

1)  Representative  drawings 

2)  Detailed  reproductions 

b.  Shows  components  in  their  approximate  location 

c.  Provides  a  good  guide  for  field  wiring 

d.  Circuits  are  difficult  to  trace 

e.  Line  voltage  and  low  voltage  circuits  are  shown  together 

a.  System  components  are  shown  by  symbols 

b.  Schematic  wiring  diagrams  build  a  ladder 

c.  Ladder  rungs  are  individual  circuits 

d.  Line  voltage  and  low  voltage  are  separated 

e.  Circuit  troubleshooting  is  easy 

a.  Establish  power  source 

b.  Identify  loads 

c.  Identify  control  switches  for  each  circuit 

d.  ,  Connect  all  circuits  across  the  line 
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Discussion  should  include: 

a.  Identifies  scherrjatic  components 

b.  Distinguishes  differences  in  manufacturer's  symbols 
c*     Aids  in  locating  components 

a.  16  h.    25  o. 

b.  18  i.     7  p. 

c.  12  j.     10  q. 

d.  13  k.    15  r. 

e.  3  I.     20  s. 

f.  27  m.    26  t. 

g.  17  n.     19  u.  11 

Performance  skills -evaluated  to  the  satisfaction*iof  the  instructor 
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DOMESTIC  REFRIGERATION  FUNDAMENTALS 
'  UNIT  I 


UNIT  OBJECTIVE 

Aft6r  completion  of  this  unit,  the  student  should  be  able  to  match  terms  associated  with 
domestic  refrigeration  and  identify  types  of  domestic  refrigeration,  refrigerator  cabinet 
hardware,  and  trim'  The  student  sh'oul(d  also  be  able  to  list  data  plate  information  locations 
of  data  plates,  reasons  for  transportiftg  the  refrigerator  upright,  and  the  six  inost  common 
refrigerator  problems. \This  knowledge  will  be  evidenced  through  demonstration  and  by 
scoring  eighty-five  percent  on  the  unit  test-. 


v--^  SPECIFIC  OBJECTIVES  \ 

After  completion  of  this  unit,  the  student  should  be  able  to:' 

1.  Match    tern«?   associated   with    domestic    refrigeration '  to   the  correct 
definitions.  ^ 

2.  Identity  types  of  domestic  refrigeration, 

3.  Identify  refrigerator  cabinet  hardware  and  trim. 

4/  List  eight  items  of  information  given,  on  a  refrigerat^>r: data  plate. 

5  List  thVe;&-comm6n  locations  of  refrigerator  data  plates.^ 

6.  List  two  major  reasons 'why  a  refrigerator  should  be  tr^hsported  upright. 

7.  List  the  six  most  common  domestic  refrigerator^  p/oblems, 

8.  Demonstrate  the  ability' to: 

a.     InstaK  a  refrigerator    .  *  ^' 

jf  b.     Remove  and  replace  breaker  trim, 

c.     Adjust  a  door. 
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DOMESTIC  REFRIGERATION  FUNDAMENTALS 
UNIT  t 

SUGGESTED  ACTIVITIES 

i  Instructor- 

A 

D       » <^ /-I  rt     o-fri  ir\ar\'f     vrtntrS.    r\\    '  r>    t'l\/0  choot" 

rroviuG  sTiiuGnt  wi yi\  uUji^v^ u vc  bricci. 

B. 

Provide  student  vMth  information  and  ]ob  sheets. 

C. 

Make  transparencies. 

D. 

Discuss  unit  and  speciiic  objectives. 

• 

E. 

Discuss  informati6n  sheet. 

F. 

Demonstrate  and  discuss  the  procedures  outlined  in  the  jcb  sheets.  > 

G. 

Have  students  disassemble  and  reassemble  a  refrigerator. 

H. 

Give  test. 

• 

!l  Student 

A.     Read  objective  sheet. 

B. 

Study  information  sheet. 

% 

C 

Complete  job  sheets. 

D. 

Practice  removing  and  replacing  breaker  trim. 

E. 

Take  tdst, 

/     mSTRUCTIONAL  MATERIALS 

- 

- 

* 

I     Included  in  this  unit^ 

A- 

Objective  sheet 

b 

Information  shuet 

Transparency  masters  ^ 
1.       TM  1-  Domestic  -  Refrigeration 

• 

2.       TM  2  Cabinet  Hardware  and  Trim 

* 

ERLC 
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D. 


Job  sheets 


Job  Sheet  tt]  install  j  Rrfririerator 


Job  She>et  -2  Remove  ancJ  Ref)!ace  Brejkc^  Trim 


3. 


Job  Sheet  ^3-A(ijij:l  a  Door 


E. 


Test 


F. 


to  test 


II  References 

A  Altiiouse,  Andrew  D  ,  """urnquist,  Carl  H.,  anf<  Bracciano,  Alfred  F,  Modern 
Rctrfqc'jtion  ar'ui  Air  CondiHoivnq  Homewood,  Illinois'  Goodlieart-Willcox 
Company,  Inc..  1975. 

B      Rt*ft/ifrrjtu)f),  Pjf  II   Benton  Harbor,  Micliigan   Whirlpool  Corp.,  1974. 
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DONIESTIC  REFRIGERATION  TUNDAMENTALS 
UNIT  I 


INFORTIATION  SHEET 

Terms  and  definitioris 

A     Domestic  refrigeration -Refriqerated  ap|)liance  whirh  ts  used  within  the 
home 

B.     Breaker  strip-Plastic  trim  that  covers  the  space  between  the  cabinet  and 
the  hner  of  tlie  refriqerator 

C      Mulhon-Divider  between  two  refrigerated  sec-ions 

D.  ^oTfle- Plate  or  vane  to  control  or  direct  the  air  within  a  confined  area 
E      Damper  Valve  fo^  controMing  air  flow 

F.     Gasket-  Resihent  or  flexible  mdtenal  used  around  refrigerator  doirs  to 
provide  a  leak-proof  seal 

G     Urethane  foam  -Insulation  which  is  foamed  m  between  the  mner  and  outer 
walls  of  the  refrigerator 

(NOTE    Otfier  types  of  insulanon  are  also  used  in  refrigerators.) 

K     Data  plate--Tag  on  the  refrigeratcr  which    .ves  the  vital  electrical  and 
refrigerant  charne  information 

I.      Crisper-Compa  -ment  iri  a  refrigerator  which  provides  high  humidity  and 
cool  temperature  for  keeping  fresh  leafy  vegetables  cool  and  crisp 

Domestic  refrigetation  (Transpare'ncy  1) 

A.  RefrKjerator: 

B.  Side  by^side  refrKjcrator-freezers 

C.  Chest  freezers 

D     Upright  freezers 

Cabinet  hardware  ^nd  trim  (Transparency  2) 
A.     Door  hcind'e 
B      Dn  )r  (jaskel 
C      Do'jt  iin<;r 


INFORMATION  SHEET 


D. 

RiittPr  kpfuipr 

t. 

Breaker  strip 

F. 

lyiullion  strip 

G. 

limner  liner 

H 

Toe  plate 

1. 

Outer  liner 

J. 

Crisper 

Data  plate  information 

A.  Brand  name 

B.  Model  number 

C.  Sena!  nu"^  ,ijer 

D.  Voltage 

F.     Ful!  IC'jci  amperacj^ 

(NOTE*  Sorne  models  of  refrigerdtors  do  not  give  the  running  amperage.) 

F      Locked  rotor  amperage 

G     Type  of  refrigerant 

H.    A^'^oint  cf  iefrigeftiHt 

Corrinion  iccoiions  of  (Jata  plates 

A.     Bcick  of  cabinet 

B      Loj'jer  front  of  cabinet 

(NOTE  The  toe  plate  will  need  to  be  removed  on  some  models  to  see 
the  data  plat..) 

C      Lower  loft  inside  of  cabinet  liner 

(NOTE"  This  would  be  from  '^tanding  m  front  of  the  refrigerator  looking 
into  It  df^j  the  left  hand  crisper  may  have  to  be  removed  in  orcier  to  .  .cA 
the  ddtu  i3ldto  ) 
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INFORMATION  SHEET 

VI.  Reasons  for  transporting  a  refrigerator  upright 

A.  To  keep  oil  in  compressor 

(NOTE:  If  the  refrigerator  is  laid  down  the  oil  may  leave  the  compressor 
and  go  into  the  refrigerant  lines  or  compression  cylinders  which  may  cause 
oil  restrictions  or  comr^ressor  seizure.) 

B.  To  prfc^/ent  damagt  to  motor  windings 

(NOTE:  The  compressor  is  spring  mounted  inside  the  dome  and  laying  the 
refrigerator  on  its  side  may  cause  the  compressor  windings  to  hit  the  side 
of  the  dome  which  could  cause  a  damaged  winding.) 

VII.  Common  refrigerator  problems 

A.  Imoroper  installation 

B.  Doors  out  of  adjustment  or  poor  cabinet  seal 

C.  Improper  or  no  air  circulation 

D.  Improper  defrosting 

E.  Deircst  water  disposal  problems 

F.  Malfunctioning  e'ectncal  components 


0<jO 
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#  Domestic  Refrigeration 


Cabinet  Hardware  and  Trim 
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DOMESTIC  REFRIGERATION  FUNDAMENTALS 
UNIT  I 

JOB  SHEET       -iMSTALL  A  REFRIGERATOR 

I.    Tools  and  materials 

A.  Refrig  rator 

B.  Adjustable  open  end  wrench 
II.  Procedure 

A.  Locate  the  refrigerator  in  the  proper  place 

(NOTE:  The  refrigerator  should  not  be  located  in  the  direct  sunlight  or 
close  to  a  heat  source.) 

B.  Allow  a  half  inch  clearance  on  each  side  of  the  refrigerator 

C.  Allow  one  inch  clearance  behind  for  models  with  a  static  condenser 
D-    AlloN//  three  inch  clearance  above  for  proper  air  circulatioa 

E.  Remove  toe  plate 

F.  Adjust  leveling  legs  and  check  (Figure  1) 

(NOTE*  On  most  models  the  level. ng  legs  are  located  on  the  front  only, 
but  may  be  installed  on  the  rear  if  necessary.) 


G     Remove  tnsicje  pa'^kmq  materia! 

H.    Ciean  outside  and  inside  of  refrigerator 

(NOTE  The  cleaning  soivent  being  used  b!iould  WT'designed  for  this  purpose 
cind  not  damage  the  finisli  or  luave  odors  inside  the  refrigerator.) 

I       Check  doors  for  [)ro[jer  closing 

J      Hdve  instructor  ciieck 

K     Clean  up  cind  put  awcjy  tools  and  materials 
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DOMESTIC  REFRIGERATION  FUNDAMENTALS 
UNIT  I 


JOB  SHEET  ^2-REMOVE  AND  REPLACE  BREAKER  TRIM 

Tools  and  materials 

A     Wood  block,  6"  x  4"  x  1" 

B.  Standard  slot  type  screwdriver 

C.  Phillips  screwdriver 

D.  Refrigerator 
Procedure 

A.     Disconnect  refrigerator  from  electrical  power 
B      Open  refrigerator  doors 

C.  Allow  inside  of  refrigerator  to  warm  to  room  temperature 

(NOTE^  If  in  a  hurry  soak  a  towel  in  hot  water,  ring  it  out,  and  place 
It  on  tl^e  breaker  to  warm  the  breaker  trim.) 

D.  Remove  side  breakers  first 

E.  Start  at  bottom  front  edge  of  side  breaker  (Figure  1) 


FIGURE  1 
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JOB  SHEET  ^2 


F.  Do  not  use  screwdriver  to  pry  the  trrm 

(NOTE  Using  a  screwdriver  may  damage  the  fmish  on  the  refrigera^tor  and 
break  the  trim  ) 

G.  Use  the  wood  bloCk  to  get  the  trim  loose  if  it  is  stuck  (Figure  2) 

FIG  JRE  1 


H     Pull  trim  forward  to  disehgage  it  from  the  liner 

(NOTE    Do  \^oX  daniage  light  switch  or  wires  when  removing  side  trim. 
I       Puh  down  ano  forwarfi  on  one  ond  of  top  trin]  (figure  3) 
F.GljRF.   3  r 


J.     Complete  removal  of  top  trim 

K     Pull  up  jnfi  f^irwarci  on  one  end  of  bottom  trim 
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JOB  SHEET  #2  - 

L     Complete  removal  of  bottom  trim 
M.    Check  insulation  for  wetness 

(NOTE:  If  the  insulation  is  wet  remove  it  and  dry  it  or  replace  it.) 
N.     Have  instructor  check 

0.    Replace  bottom  trim  by  inserting  one  end  first 

P.     Push  down  and  back  on  trim 

(NOTE.  Trim  may  have  to  be  twisted  slightly  to  get  the  back  to  slip  under 
the  liner.) 

Q,     Replace  top  trim  by  inserting  one  end  first 

R.    Push  up  and  back  on  trim 

S.     Replace  side  trims 

T.     Insert  top  and  back  of  trim  first 
r 

U.    Push  back  on  trim  and  insert  front  of  trim  behind  cabinet  flange  clips 
V.    Clean  finger  prints  from  trim  and  cabinet 
W.    Have  instructor  check 

X.    Clean  up  and  put  away  tools  and  matenols 


\ 

\ 

\ 

\ 
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DOMESTIC  REFRIGERATION  FUNDAMENTALS 
UNIT  1 


JOB  SHEET  ^3--ADjUST  A  DOOR 


Tools  and  materials 

A  Refrigerator 

B.     Phillips  scewdriver 

C  Nutdriver 

Procedure 

A     Check  for  gap  between  door  gaskets  and  cabinet  front  (Figure  1) 


FIGURE  1 


& 


B.     Loosen  gasket  retainer  screws  (Figure  2) 


FIGURE  2 
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JOB  SHEET  :;3 


C.     Twist  (ioor  in  of)f)os!te  direction  (Fiquie  3) 


-FIGURE  3 


D     Close  door  and  check  gaf)  '      ^  * 

E      Rotiqhten  scrWs.  until  snug  -  ^ 

(NOTE  Do  not  overtighten  the  screws  beca.use  th;s  may  cause  the  door 
to  twist  out  of  ciiuininent  • 

F      Have  instructor  cl  '_*ck 

G     Ciean  uf>  and  put  viway  tools  and  materials 


'J 
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DOMESTIC  REFRlGtfiATlON  FUNDAMENTALS 
UNIT  I 


NAME 

"  TEST 

the  terms  on  the  right  to  the  correct  definitions. 

a. 

« 

Valve  for  controlling  air  flow 

1. 

Dc^a  plate 

b. 

Resilient    or    flexible    material  used 

2. 

Damper 

around  ^  refrigerator  doors' to  provide  a 

leak-proof  seal 

3. 

Urethane  foam 

c. 

Divider     between     two  refrigerated 

4. 

Muiiion 

sections 

5. 

BrfeaKer  strip 

d. 

Tag  on  the  refrigerator  which  gives  the 

i/itol    oloptnral    anH    rpfrifiprant  pharnp 
Vila!     ct\>u  LiiUCli     aiiLt     iciii      i  ai  i  l        i  ai 

6. 

Domestic 

information  * 

refrigeration 

e. 

rlastic    trim    tnat   covers    ine  space 

7 

Crisoer 

betweer>  the  cabinet  and  the  liner  of  the 

refrigerator 

8. 

Gasket 

Insulation  which  is  foamed  in  between 

9. 

iJQ  \  lie 

the    inner    and    outer   walls   of  the 

refrigerator 

Compartment  m  a  refrigerate.'  which 

provides    high    humidity  •  and  cool 

temperature   for   keeping   fresh  leafy 

vegetables  cool  an(j  crisp 

Plate" or  vane  to  control  or  direct  the  air 

within  .a  confined  area 

1. 

Refrigerated  "Appliance  which  is  used 

within  the  home 

515 
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List  three  common  loCcitions  of  refrigerator  cKUd  piat'3S 


c 

List  two  major  reasons  why  a  refrigerator  should  be  transported  upriqht 

a 

b. 

List  the  SIX  most  common  dom.estic  refrigerator  problems. 

a 

b 

c 

d 

f 

Demonstrate  the  ability  to 
a      install  a  refrigerator 
h      Remove  and  replace  breaker  trim 
Adjust  d  door 

(NOTE  If  these  acti^/ities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  ^vvhen  thpv  sliould  be  completed.) 
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DOMESTIC  REFRIGERATION  FUNDAMENTALS 
UNIT  I 


ANSWERS  TO  TEST 


1. 


a.  2 

b.  b 
c  4 
d.  1 
e  5 


f  3 

g.  7 

h.  9 
I.  6 


a  Chest  freezer 

b  Refrigerator 

c  Upright  freezer 

H  Side  by  side  refrtqerator-freezer 

a  Door  gasket 

b.  Butter  keeper 

c.  Door  handles 

d.  Door  liner 
c  Toe  plate 

f  Innur  liner 

q  Breaker  strip 

1  Mullion  strip 
Crisf)er 
Outer  liner 

I  Brancj  ndrTtc 

)  Mode!  nurnl)er 

c  S*'rit)i  nurnl^fT 

(j  Voltaf]" 

u  Fiii!  'OckI  ji''.pcfti(je 


ERLC 
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f.  Locked  rotor  amperage 

g.  Type  of  refrigerant 

h.  Amount  of  refrigeiant 
5        a.  Back  of  cabinet 

b.  Lower  front  of  cabinet 

c.  Lower  left  tnside  of  cabinet  liner 
6.       a.  To  keep  oil  in  compressor 

b  To  prevent  damage  to  motor  windings 

7        a  Improper  installation 

b  Doors  out  of  adjustment  or  poor  cabinet  seal 

c.  Improper  or  no  air  circulation 

d.  Improper  def'-osting 

e.  Defrost  water  disposal  problems 

f.  Malfunctioning  electrical  components 

S        Performance  skills  evaluated  to  the  satibtaction  of  the  mstructor 
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SEALED  SYSTEM  COMPONENTS 
UNIT  II 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  define  terms  associated  with 
sealed  system  components,  list  and  discuss  various  components,  and  identify  the  types 
of  components.  The  student  should  also  be  able  to  replace  or  install  components.  This 
knowledge  will  be  evidenced  through  demonstration -and  by  scoring  eighty  five  percent 
on  the  unit  test 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to. 

1  Define  terms  associated  v\'!th  sealed  system  components 

2  List  the  eleven  sealed  lystem  compone  .^s  of  a  domestic  refrigerator 

3  Discuss  the  functions  of  the  sealed  system  components  in  a  domestic 
refrigerator 

4  Identify  types  of  evaporators 

5  List  the  five  locations  of  evaporators 

6  Identify  types  of  compressors 

7  Identify  t/pes  of  condensers 

8  List  the  thrf.'e  locations  of  condensers 

9  List  the  SIX  items  of  inforrriation  needed  wfien  replacmq  a  capillary  tube 
10         Dernonstryt'-j  thfj  ability  to 

d       Replace  a  compressor 

h      Ipstu''  d         SHJ'    ^Pfvice  stub  on  d  rectf)rocai  cr^mpressor 

!r  stri''  ';f^rvtce  s\itjs  in  r<  ^-tqerant  hnes 
d      Reijlace  a  capillary  tube 
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SEALED  SYSTEM  COMPONENTS 
UNIT  II 


SUGGESTED  ACTIVITIES 

Instructor 

A     Provide  student  with  objective  sheet 

B      Provide  student  with  information  o.     job  sheets 

C      Make  transparencies 

D      Discuss  unit  and  specific  objectives 

E      Discuss  information  sheet 

F      Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets 
G      Review  silvc    biazing  orocedures 
H     Give  test 
Student 

A      Read  objective  sht,et 
B      Study  'nformation  sh^et 
C      Complete  job  sheets 

D      Replace  various  types  of  do^^estic  compressors 
E      Tdkfi  tebt 

INSTRUCTIONAL  MATERIALS 

IfK.Uuj^'Cl  in  this  unit 
A      Of)}''''  *iv^^  sheet 
B       In^ornujtif  n  slif.^t't 
C      Tr tinsp<ir-'nLV  i^idstcr) 

1         [M  1  EvdpofcJtors 

?         FM  2  [  vdpordtor  Locdtion 


ERIC 
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7  W\  3  CofTit  ^'ssors 


4 


5 


TM  5  Cotnji'nsf'ts  (CuiUifnjtKi) 


Joi)  shp,t'ts 


Job  Sh^et  ^1   ReplcKV  a  Coni()r(}SSor 


2 


Job  Sh' ^2  histji!  d  Low  Side  Service  Stub  on  a  Reci[)rocal 
Compressor 


3 


Job  Sheet  ^3  lostdii  Service  Stubs  in  Refriqerant  Luies 


4 


Job  Sheet  -4  Ref)lcice  a  Capillary  Tul)e 


5 


Jol)  Sheet  ^5  histall  a  Liciuid  Line  Filter  Drier 


lest 

Arr//;ers  to  test 

Aiihonsf\  A'Mirew  D  ,  Turu(|utst.  Ccul  H  ,  and  Bracciano,  Alfred  F  Modr^rn 
Roffujnf.ttinn  jnd  Aif  C()nd,lii)ning  Hurnevvoocj,  Illinois  Goodhe^irt  WHic^ox 
Conif)anv,  Ine  ,  1975 

Hfdrxji'  .}ti()n  Srnnc    Pjf  I  i    Benton  Harljor.  Michiqan    VVh.flfjool  Coi[)  , 
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SF  ALf  {)  S>STLM  COMPOt:E\TS 
UNIT  li 


i,>>f_)P^:ATIOt\  SHEET 


i'l'/a;'  voricluns'^'   Coi-rlf^'ibt  i  tui)inq  ts  aTTaCht'fi  TO  the  ,nsuip  ^'ji's  mI  rhp 

B      PlaTe^  Lon(j'?nst';  Conri'^n^er   tii[;ii^i|  is  dttached  to  a  shea  m^nai  oiate  and 
c<n  bp  HI th^T   U^^ced  at r  or  static 


C      If"  .ai'  ''vaporatof   EvafDurator  tuhi'^g  is  attached  to  t^^^  outsidr  wui^  of 
t^n^  TH-'ef   ii'vjr  dn(\  is  used  pr tr^iari ly  on  freezers 

D     CouJ  piate  Evaporator  tubing  is  attached  to  a  plate 

'\OTE  T^Tis  type  ev-aoorator  iS  often  .  ^°d  in  refrigerators  that  do  no^ 
have  ^orced       evapo^atc^s  i 

Sea'eo  svster^i  cornDonents  of  a  domt.itc  refrigerator 

A  Co'^^p''p""sor 

B  E-a^ooratOf- 

C  Co'Kienser 

D      C -"V  tube 

E      Discnarfif^^  ime 

G     Si"^^^'0'^  hne 
M      L'aoid  'if^f^  ^i'ter  d''ior 
I  Accumdiatur 
J      Oi'  cooler 
Pr<^>con  ^  f 

Fiirc^'n!^b       se-:>'r'.-i  s.^f'^-  r-jn^ponents  of  a  di^n^estic  rp^f /^-m  jtv.^ 


'^vdpo'-Htor 


irj.-r^    f    *r  l(|"f  af  t  Vd. 
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F  Ltc|ii'(l  'i'H'  Cjr  fit's  ^^;t'  f"'Mi}(rdnt  Irot^i  the  outttt  of  tht3  ron(|f;nstM  to  tlv' 
r,      S'^rtioM  C.r.'.  ^,  'h^'        i^jtM -HU  ^rorr  th»'  outlet  of  't»^'  ^va[)orator  to 


>C|.  10^ 

1 


/\<    ij']'.J-i't»    1-^'    ' -'^    ';ootrl  r''*Mfj"rjot  trorii  fMiteM'Wj  tin-  rcvo{)rc-,sc;r 
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INFORMATION  SHEET 

V!     Types  of  compressors  (Transparency  3) 
A  Reciprocal 
B.  Rotary 

VII    ^Ty^es  of  condensers  (Transparencies  4  and  5) 

A.  Static 

1  Fin 

2  Plate 

3.       Tube  (in^vvall) 

B.  Forced  air 

1  Fin 

2.  Plate 

3,  Tube 
VIIL     Locations  of  condensers 

A.  In-wa!l 

B      Back  of  refrigerator 
C      Underneath  refrigerator 
IX     Information  needed  when  replacing  a  capillary  tube 
A     Inside  diameter  of  original  capillary  tube 
B      Length  of  ongmal  capillary  tube 
C      Horsepower  of  compressor  motor 
D     Temperature  range  of  system 
E      Ty'[)e  of  refrigerant 
F      Type  of  condenser 


O  J  t> 
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\ 


Evaporators 


Static 


Cold  Plate 


Shelf 


Shell 


Forced  Air 


55.' 


TW  1 


Evaporator  Location 


.  Freezer 
^Compartment 


Bottom  _ 
of  Freezer 


I  N 


Cold  Plate 


Back  Wail 
of  Freezer 


Freezer  Shelves 


Evaporator 
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Compressors 

Reciprocal 


Low  Side 
^Charging  Stub 

(Note:  Dome  is 
low  pressure) 


Discharge  Line 


High  Side 


Oil  Cooler 
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TM  3 


Condensers 

Static 


Plate 
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Condensers 

(Continued) 


Tube 


TM  5 
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SEALED  SYSTEM  COMP' J^' EMTS 
UNIT'  !i 

JOB  SHEET  -1   REPLACE  A  COr-PRESSOf^ 

I      Tools  aful  nuJtercjIb 

A  Tii[)if  M  cutt^^r 

B  Co.ni)itic3Ti()r^  open  ^mkI  ^  'X  end  'vfoocn 

C  Stele  cutttjfs 

D  Dofnestic  refrKjer-atiun  svstnm 

E         .'O  sho;)  towels 

F  Safet/  giass^  ^ 

G  SanH  doth 

H  Torch 

I  St-.ker 

J  Si'ver  brazing  alloy 

K  Sliver  solder  Hux 

i  I       ProC'-'^fl  i^f' 

A     Chrc     0  see  [hat  tne  refrigerator  is  disconnected  from  electrical  pover 

B      Put  on  sofety  glas->es 

C      Discharge  refrigerant  siowly 

fCAUTiON  Be  sure  and  have  prof.e'  ventilation  when  discharging 
r»  fr  iqerant  / 

!'^:OTE  If  system  does  not  have  a  service  valve,  cut  the  end  of  a  sprvice 
stij)  v.vitli  the  side  cutters  ) 

D      Pi.iCf^  sho[)  tov.el  around  valve  to  catcfi  oil 

E      Aiio-v  pntire  refriyeia'^t  charge  to  escape  before  proceedifU] 

F       Rp'^iov-'  f^'eLtfra!  f^om[U)nents  from  cofnf)re5SDi 

iSM    rui)ri  }  .it    tfl''   spot    IT    IS   tO    b^*  cut 

H  nnmg  fror-  cof^  :)fessor  vvitn  tul)ing  ciTPt 

I        t<         .  pu  >^o'    hnid  do^^n  bolts  • 
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JOB  SHEET 

J       Lift  cofnfiressuf  oiit 

K      Polish  cLir  p(ujs  ot  tubing 

L      Set  r^ew  compressor  in  place 

M     Replace  hold  down  t)oits  and  tighten  ' 

N      Remove  pkicjs  from  compressor  lines 

(CAUTION    There  wiH  be  pressure  on  the  compressor  ) 
0     Coat  polished  ends  of  tubing  with  a  small  amount  of  flux 
P      Insert  tubm.j  i^n^  compressor 
0      Li'jht  jnd  ddjubt  torch 
R      Silver   brd/t   lines  int.^  compressor 
S      C'^df^  l)ra/t'd  joints  vvitn  a    '  mf}'  towel 

^~  -C'^MM  off  an/  ren'jimnq  flu^ 
U      Hjv,    I'r.tri.ctM'  ch. 

V      C.  \>n  ut/  (ind  put  d\vd\  tools  jnd  fiiatofials 


r;  r 
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S£ALED  SYSTEM  COMPONENTS 
UNIT  II 


A 
B 
C 
D 
E 
F 
G 

i 

J 

K 

L 

M 
\  ■ 

U 


JOB  SHEET  ^2  IfvjSTALL  A  LOW  SIDE  SERVICE  STUB 
Ot\  A  RECIPROCAL  CO^IPRESSOR 

Domestx  refngpration  system 

Torch  . 


Sand  cioth 

Silver  brazinq  aMoy 

Silver  sotcier  flux 

Two  clean  shop  towels 

C^(j^p.  cutters 

Job\'-^  cutter 

Bai:  peen  hammer 

Swaqe  punc 

Copper  tubing 

Fianng  ijiQCk 

Str;ker 

Ptfich  off  tool     ^  \ 


Pi-ocedure 


A      D'sroMMect  r^.  fncjerator  ^for^i  electrical  [)^:we! 
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C 


i  Jl^f    •      J'  'J' 

^AU  [  it 


S  i  i. 


il 


A    \  1  ) 


C 
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JOB  SHEET  ^2 

K  Put  d  thiri  coaiinq  of  fki\  o\\  the  tubmg 

L  Fit     I'  piece  of  tubiny  onto  or  into  the  compressor  stub 

M  Turn  the  tubing  in  orde.  to  coat  the  compressor  stub  with  flux 

N  Light  and  adjust  torch 

0  Silv  '  bidze  extended  piece  of  tubirig  to  compressor  stub 

P  Clean  silver  braze  joini  with  a  damp  shop  towel 

'    {CAU"'"I0[\1    Do  not  get  ihe  damp  shop  towel  over  the  open  end  of  the 
tubing  because  some  moisture  may  enter  the  compressor  ) 

Q  Check  with  insi.'uctor  as  to  the  type  or  valve  that  wii'  be  used 

R  Have  instructor  check 

S  Seal  end  of  service  stub  with  a  va've  or  by  crimpiny  and  brazing 

T  Clean  up  and  put  away  tools  and  materials 


SEALED  SYSTEM  COnPONEf.Tn 
UNIT  li 
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JOB  SHEET  -3  INSTALL  SERvMCh  STUBS  \K  REFRIGERA\T  LIMES 

}     Too's  and  niatenais 

A  Tuhipg  ciJtTer 

B  San  J  c!cth 

C  Silver  b^d^lng  alloy 

D  Silver  solder  flux 

E  Torch 

F  Striker 

G  Clean  shof)  To\/'e's 

H  Sweat  te/j 

i  Cn\)\)Cf  tubincj 

J  Safel/  qIasse'S 

K  Si  fie  CfitTr^rs 

L  ^nch  (jf^  too! 

A  D'seonrH'f:)  :r>f r'fjerat(.'r  ^ronn  electnca!  [)ov'|^ 

B  Pet  nr  saf^^tv  glasses 

C  Diseh.irqp  refrirjerrint  slo^vly  * 

i CAUTION  Be  sure  and  have  proper  ventilation  when  disrharging 
fMirifjf  rant  ) 


52  E 


JOB  SHEET 
niciy       cut  for  discharging  (Figure  1] 
Suction  Line 


Fi  ,URE 


t  '/^^  Condenser 


E      P'dce  J  sfiop  towel  under  the  discharging  refrigerant 

{CAuTiO:^    Do  not  aiiow  the  refrigerant  to  come  into  contact  with  the 

eyps  or  skin  ) 

F      Allow  refrigerarn  to  conipietely  discharge  before  proceeding 

G      Cut  suction  line  with  tubing  cutter 

H      Cut  fjtf  a  sliort  \)\vce  of  clean  tubing 

I       Polish  The  ends  of  the  tiuee  pieces  of  tubing 

J    .  Coat  the  tut)ifiq  ends  flux 

K      Insert  tuhii^q  into  sweat  tee 

I       L icjfu  (jnd  adjust  tor^h 

M     SiivfM   bfd/e  the  three  joints 

N      Turn  (A^  forrh 

0      CIran  the  [)ra/e^l  joiiiTs  with  a  damp  shop  towel 

(CAUT'Of\i  Do  r>(>t  get  'ho  damp  shop  towel  over  the  open  end  of  the 
short  n'"(  f  ()\  tjhing  in  the  lee  hecausp  some  moisture  may  enter  the 
vystt'iM  ) 


r 
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JOB  SHEET  ^3 

P      Check  with  instructor  a$  to  the  type  of  valves  that  will  be  used 
0     Do  steps  "G"  through  "0"  to  the  discharge  line 
H      Have  instructor  check 

S  Sea!  end  of  service  stub  with  a  valve  or  by  crimping  and  brazing 
T      Clean  up  anJ  put  away  tools  and  materials 
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SLALED  SvSTtM  COMPONEMTS 
UNIT  II 

JOH  SHEET  ^'4  REPLACE  A  CAPILLARY  TUBE 

A  D( )nu^st!(*  r ^'fn(|f' r.itioM  systom 

B  Sldfici.^rcl  ./nt  tv{)e^  screwdrivpr 

C  Phillips  screwdriver 

D  Tubinq  cutter 

E  Torch 

F  Capttiary  tube 

G  Striker 

H  Refrigeration  gauge  set 

I  Drv  nitrogen  cylinder  with  regulator 

J  Silver  brazing  alloy 

K  Stiver  solder  flux 

L  Two  shop  towels 

M  Sodu  solution 

N  Briish 

Proceciure 

A      Disconnect  reT-iqerator  from  electrical  power 

B      Put  on  safety  qh^sses 

C      Discharge  refrinerant 

D      1  jcitp  capiilr.'^y  l^)e  route  - 

E      Rer^(we  any  torn  necessary  tn  o^dei  tc  obtain  acce'SS  to  the  capillary  tube 

j'iOrE  Be  sure  all  |)last  c  trini  is  at  lOom  temperature  [before  attempting 
to  remove  it,  to  p'-event  breaking  ) 

.5,;, 


Cmt  Tfu   1  iii'Kir/  ^  ih*'   i\         uurl*  !  (J  thf  ftl^'r  df^-r 
Ri'iit        t'^'  .  ,  •tnfM  I, lift  (jf  ^ho  ^'Vj[)()rdtO( 

Uf^soid"f  (  ()[)i!id(  V  *u      tf*    I  sui  tuM)  line 

(NOIL-    if  thti  cjpiiidfv  tuin'  IS        soklf^red  to  the  surtioii  hne  for  a  h,r-af 

•  'Nr'ljfujp  t')>'  t»7C)  pn^'.ioiis  ^tt»()^  fiiciy  bo  eiirmnated  y 

0(;  not  .h'f   Mu'  tf;n  ^\  fl  w^'e  close  to  any  f)iabtiC  trim  » 
bhai'iht'  n  nut  trv^  M^Dovrd  f  apili.M  ^/  \i\[k* 
Mc.isu^*'  th^'  (Ms.rjr  (1  u'n»>tfM  of  tfir  caf)tlldrv  tu[)e 

"'("-(^Tf     Tilts  'Mj,  [     (,<in»'  ■'Mth  a  caoiiiafy  tubo  ijauqe  or  an  orifice  dnil 

■^l-Msnft'  Ih"  U>nf|th         Hif^  (  M>i''^^y  t^i^e 

r.T-'.isijr-'         (jMip.'r  it'fKjtfi  o!      ''V  {  af)iilarv  tu[)int)  and  cut 

i>J)]l     ^^'rv>^  M,|j^>t    ifv    -''t^Muxi  for  CLittifU)  rjptilarv  tuhifiq  is  to  scofo 

♦  T  ii-fj  r)f"  ik  n  nit  M,  t[i.  ifisid(  dMfiit'ter  of  the  tLibinq  will  fiot  be  rt  dured  ) 

Soiii"'  o»-v  (  jpiMffy  !l)h^  tn  tnt   .irif;  of  tfie  siK'tion  hne  with  bO  soldei 

If  ,t  :  t  {^nli-'t  f'-id  ()t  (jjr)iiliry   Ui[)e  into  mipt  of  eva[)oratOf 

■  ^■(iM     I'l.^'ii   I'v  I  s    hirv  tni>M  enoLiqh   t     pf»'vervt   the  danq^r  of  it 

f        w  ,ior    ! nir'l 

Cafuildi  V  Tuije 
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FIGURE  1 

Sum    hf  ,j  '     'in,'    '  .    U  •  >f    lo      Ji  m  jMlni 

',i{)n     ;f   ^  o!^   iq  u'M.   .m   .tUimiMi.ii)  cvapot  il or  ^  a  cJifferent   'ype  of 

,1         p.  -  q    ,)l  i(  <\  I  .i\       1o    hf*    nsJMi  ) 
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JOB  SHEET  #4 


S.     Silver  brd/L*  capillary  tube- to  filter  drier 

(NOTE  The  filter  drier  is  always  the  last  cor.ifjoiient  to  be  installed  in 
a  sealed  system  repair   See  Rujure  2  )  • 


FIGURE  2 


Capillary  Tube  „^,ft(ii_^- 


Liquid  Line 


T      Clbdn  fiux  from  filter  Jr'er  silver  brazed  joints 
U      Pres^iurize  system  ' 
V      Leak  check 

V 
N 

W     Have  instructor  check  \ 
X     CleaQ  up  and  put  away  tools  and  n-iaterials 
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SEALED  SYSTEM  COMPONENTS 
UNIT  II 

/ 

JOB  3W.EET  ^^5  INSTALL  A  LIQUID  LINE  FILTER  DRIER 


'fool 

s  dfKi  materrals 

A 

Tubipg  '^'itter 

B 

Torcfi 

C 

Striker 

D 

Colored  safety  glasses 

E 

Safety  glasses  ' 

R 

Refrigeration '  ratchet  wrench 

neTri gerd lion  gdvjge  b"i 

Refrigeration  systern 

^  1 

Filter  drier  with  sweat  fittings 

J 

Sliver  all'  y  brazin  j  rod 

K 

Sand  clotli 

L 

Sitv     brazing  flux 

'M 

Damp  shop  towel 

Nitroq«^n  cylinder 

A 

P  jt  on  safety  glasses 

F 

install  rerngeration  gauge  set 

C  if  te'^ncjeration  system  is  under  pressure,  slojvly  reie-^se  pressure 

D.  Use  the  sand  cloth  and  polish  the  liquid  line  prior  to  cutti  q 

E  Cut  lifjuid  line  close  to  the  inlet  of  the  nnetenng  device 

F  Rcnuive  a  section  of  liquid  line  the  length  of  the  filter-drier 

G  RepoiiSh  encis  after  cutting 

H  Ar-ij'y  ^\v\  to  the  polislied  ends 


JOB  SHEET 

I       Remove  the  protective  cap  from  on:  end  of  the  f'lter-dner 

(NOTE  On  sof7ie  small  filter  driers  used  for  domestic  refrigeration,  the  ends 
must  be  cut  off  with  a  tubing  cutter.)  ^ 

J  Check  for  p-oper;  direction  of  refrigerant  flow  on  filter-drier 

K  Insert  liquid  line  into  one  end  of  filter-drier 

L  Twist  the  filter  drier  while  inserting  the  line  to  insure  sufficient  coating 

of  f!ux 

M  Remove  protective  cap  from  the  other  end'of  t^  j  filter-drier 

N  Insert  the  other  end  of  the  liquid  line 

0  Twist  the  filter  drier  while  inserting  the  line 

(NOTE  Special  precautions  are  necessary  when  installing  a  capilhry  tube 
ciirectiy  into  a  filter-drier.  This  procedure  is  covered  in  detail  on  a  ^:eparate 
job  sheet  ) 

P      If  using  a  Ime  drier  with  an  access  core  t/pe  valve,  remove  the  core  to 
prevent  the  heat  from  damaging  it 

0  Attach  nitrogen  cylinder  to  refrigeration  gauge  set 

R  Set  nitrogen  regulator  for  2  ps.i.g. 

S.  Allow  nitrogen  to  circulate  through  the  system 

T  Put  on  colored  safety  glasses 

U  Light  and  adjust  torch 

V  Apply  heat  to  joint,  direct  heat  away  frorn  joint 

W  Apply  silv'jf  brazing  alloy 

(CAUTION  Cadmium  free  silver  brazing  alloy  is  the  recommended  alloy 
to  use.) 

X     Silver  braze  the  other  end 

Y  Turn  off  the  torch 

Z.     Clean  the  flux  from  both  joints  with  a  damp  cloth  before  the  joint  cools 

AA.  Check  both  jomts  to  be  sure  all  of  the  'lux  is  removed 

BB.  Ha\e  ii^structor  inspect 

CC    Clean  up  jnd  put  tools  away 


SEALED  SYSTEM  COMPONENTS 
.UNIT  II 

NAME 

T€ST 


1.  Define  terms  assocated  with  sealed  system  components. 

a.  In-wall  condenser- 

b.  Plate  condenser - 

c.  In-wall  evaftorator  - 

d.  Cold  plate 

2.  List  the  eleven  sealed  system  components  of  a  domestic  refrigerat 
a. 

b 

c. 


e 

f. 
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•c. 


5        List  the  five  locations  of  evaporators. 


a. 


e. 


6.        Identify  ths  types  of  corrnressors. 
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10.        D»Mnonstratf'  Uh.  dhiiity  to 

(.       Mstali  SrM\!{>'  stubs  lit  rf'iM'?e  jnt  iiMtjs 

ri  (jlcu:«'  J  (.df I'uirv  tni)e 

r       Instdl!    i  iKiuid  itnf'  filtt^f  (Inrr 

^NOTF  if  ThMSt'  dcttvrtit'S  hjvt  not  bepn  dccompiishpd  {)riO!  !■)  tnt^  t»  s:  Jsk 
,oiH  ifistru(tor  when  tin^y  s^cxikl  t)e  comt)!ete'Cl  ) 
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SEALED  SYSTEM  COMPONlNTS 
UNIT  II 


'    ANSWERS' TO  TEST 

d      Conclefiser  tubing  is  at^jched  to  the  inside  walls  of  the  outer  liner  of  the 
refrigerator  or  freezer  cabinet 

b      Condenser  tubing  is  attached  to  a  sheet  metal  plate  and  can  be  either  forced 
air  or  static 

c      Evaporator  tubing  is  attached  to  the  outside  walls  of  the  inner  linei  and 
IS  used  prirv.arilv  on  freezers 

d      Evaporator  tubing  is  attached  to  a  plate 

a  Com[)ressor 

b  Evaporator 

c.  Condenser 

< 

d      Capillarv  tube 

e      Discharaf'  line 

f       Liquid  line 

q      Suction  line 

h      Liquid  line  fitter  drier 

I  AccurnulcUot 

j       OH  cooler 

k,     Precooier  '      .  - 

Discussion  should  include 
a  Compressor 

V       1)        Lowers  pressure  in  eva[)orator 

2)        Comfjresses  heat  laden  refrigerant  vapor 
b      Evaporator  Transfers  heat  '  .  ^ 

c      Condt?nser  Dissi[)ates  the  heat  from  the  refrigerant 

« 

i\      Cdfjillary  tul)p 

1)        Meters  refrigerant  into  evaporator 
?)        Provides  a  f)oint  of  expansion  ' 
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f       La'inifl  iir't>  Cairtcs  tlu^  rf'ffK)(Mjnt  fror^i  the  outU't  of  the  condenser  to  tht' 

Milf't        the  rnr'tPfifUj  cit^vtce 

*  ^  •  * 

(}  '    Suction  'i'ne  X^rifri^'S  tht'  r*>frMjHrjnt  jrorn  tf)e  outlet  o(  the  eVcH^^^^i'^^^'' 

the  cor^n^ressor 

h       Lifjuid  I'oe  ti'tf^r  driiM  ^ 

1)  A(i3(irl;s  or  cibvhs  nioistiiie  from  refng^'rant 

2)  Fitters  contdmtna;its  ftoni  rcfr igerant 

I  ArcunHjlator  Prevents  iiC|uKi  refriyorant  ftoni  entennc)  the  comf)rfbSor 

J  Oii  eoolrr   Aijsoit)s  ii-'dt  honi  compff^ssor  oil 
d  uct  (j  air  ^10 

t)  3tc.Tie  Sh^'li 

e  SK\Ul  Snf'h 

\  

il  StciiK    Coi(j  o(dte 

a  \  Entirr  hf^vei  comiidrtnient 

Mr  Baek   .vaH  of    ood  coni[)cirtnierit  (cold  plate) 

c  Bank  wail  of  ffeev^T  conioat tipent 

fj  Bottom  of  free/t>r  comj)ar4fnent 

Sh'^'v*'S  of  uf)fe]ht  free/er 

a  Rotary  ' 

[>  Reci[H  f)r\ii 

Rot.irv 

d  Strili  platr- 

h  l-orr  ed  air  nn 

I  Fr>rrfMj  air  jHalf» 

d  Sl.li  le  hn 

p  Slat"  toh^' 
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a.  In  wail 

b.  Back  ,of  /efngerator  ^ 

c      U.    -irneath  refrigerator 


9        a      Inside  diameter  of  origmal  capiitery  tube  ' 

b      Length  of  original  capillary  tube 

•J 

c.     Horsepower  of  compressor  motor 
d      Temperature  range  of.  system 
e      Type  of  refnger^nf  , 
f      Type  of  condenser  ^      .  .  - 

10        Performance  skills  evaluated  to  tlpe  satisfaction  o^  the  instructor  * 


c 


* . 


J  o  ,y 
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"    DOMtSTlQ  REFRIGFRATIOM  DEFROST  AND  ELECTRICAL  CONTROL'S 

UNIT  III  * 


JUNIT  QBJbCTIVE. 


After* cpmpieiicn  of  this  unit,  the  student  should  be  able  to  matcf  terms  associated  with 
domestic  refrigerajion  defrost  and  electrical  controls  to  the  correct  definitions  and  discuss 
^€he  purpose  of  refrigeration,  heaters  and  hot  gas  and  electric  defrbst  components.  The' 
'student  should  also  be  able  to  replace  a  temperature  control  and  a  defrost  heater.'  This 
^  '  '  knowledge  will  be  evidenced  through  demonstration  and  by  scoring-eighty  five  percent 
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on  the  unit  test.  .     ^  . 


■  I 


SPECIFIC  OBJECTIVES    '  _  ^  ' 

After  completion  of  this  unit,*. the  student  should  be  able  to  .  , 
■    ^  f 

1  Match  terms  associated  with  domestic  refr.  ^eratlon  defrost  andvelectrical 
.  controls  to  the  correct  definitions 

2  List  *ntne  domestic  refrigerator  heaters, 

^  1 

.    3.        Discuss  the  location  of  heaters  ^ 

*  'I 
4        Discuss  the*  purpose  gf  refngerato<r  heaters 

^5        Identify  electrical  controls. 

6*        Discuss  the  location  of  electrical  controls 

7         Discuss  hot  gas  defrost  components. 

.  8        Discuss  electric  defrost  components  ♦ 

9'        List  tvyo  off  cycle^  defrost  components  " 

10  *       Demonstrate  the  ability  to 

a"*'    Nar7ie  the  heater  cir^^uits 

b      Name  the  controls 

c      Diagnose  circuit  f)rot  lems 

d    '  Replace  j  temperature  control 

p      Re()lace  a  defrost  hedter 


DOMESTIC  REFRIGERATION  DEFROST  AMD  ELECTRICAL  CONTROLS 

^   UNIT  III 


SUGGESTED  AC^'IVITIES  ^ 


t     Instructor  y 

A  Prov.ne  student  Vwith  obiective  sheet 

B.  Provide  student  with  information,  assignment,  ^arid  job  sheets. 

C.  Make  transparenties.  ^ 

D.  Discuss*  uVir  and  specifKL...ob^ectives 

E.  Discuss  information  and  assignment  sheets. 

F  Demonstrate  and  dis^  's^  the  procedures  outlined  m  the  job  sheets. 

G     Give  test. 

i  * 

II  Student 

A.     Read  objective  sheet 
'  B.     Study  information  sheet 
C     Complete  assignment  and  job  sheets 
D     Take  test 

INSTRUCTIONAL  MATERIALS 

I     Included  m  this  unit.  , 
A     Objective  shee't 

B      Information  shedt 

t«         ^      ^      *       '  '  .  . 

C     Transparency  masters 

/ 

♦1  TM  1  Heaters 

2  •     TM  2  Electrical  Controls 

-    3  TM  3  Hot  Gas  'Defrost  n 
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D     Assignment  sheets 

1.  Assignment  Sheet  -l^ame  the  Heater  Circuits 

2.  Assignment  Sheet  ^2  Name  the  Controls 

3        Assignment  Sheet  -3  Diagnose  Circuit  Problems 
E      Answers  to  assignment  sheets 
F     Job  sheets 

1         Job  Sheet  -1  Replace  a  Temperature  ' 
'  ^      2        Job  Sheet  -2-  Replace  a  Defr():)t  Heater 
G  Test 

H     Answers  to  testi 
References" 

^  A     Akhouse,  Andrew  D  ,  Turnquist,  Carl  H  ;  and  Bracciano'  Alfred  .F.  Modern 
Refrigeration  and  Air  Conditioning  Homewood,  Illinois  Goodheart-Wiilcox 
'Company/  Inc  ,  1975. 

B      Refriqeration,  Part  II    Benton  Harbor,  Mich  gan    Whirlpool  Corp.,  1974. 
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DOMESTIC  REFRIGERATION  DEFROST  AND  ELECTRICAL  CONTROLo 

U'\1T  III 


I     Terms  and  definitions 

A     Manual   defrost  Removinc^   frost   accutnulation   ^ron^  the  evaporator  by 
tb riling  off  fhe  refriqerator  dP.cl  allowing  the  frost  to  melt 

(CAUTION  Do  not  use  a  sharp  object  to  remove  the  frost  and  ice 
accumulation  )  ^ 

4"  B  ^  Automatic   tlefrost  Ren^oving   frosty  accumulation   from  the  evaporator 
periodically  by  the  use  of  a  timed  control  and  a  heat  source 

C      Electric  defrost  -Utilization  of  resistance  type  heaters  in  the  automatic 
defrost  cycle 

D      Hot  gas  defrost  -  Routing  hot  discharge  refrigerant  to  the  evaporator  for  frost 


F      Sweating  Moisture  accumulation  on  cabinet  walls 

G      Arr^bif^nt    compensator  Small    resistance    heater    located    next    to  the 
ternperature  contrrj!  on  a  free?er  to  insure^rope;  cycling 

Dompstic  rofnuerator  heaters  fTransf^arericy  1) 

A      Defrost  iieater 

B      D^din  trough  heater 

C      P'^nmetpr  heater 

(NOTE    This  may  also  t)e  called  a  dew  poirn  or  cabinet  belief  ) 

D      Air  duci  heater 

E      Fill  tu[)e  heater 

(NOTE  A  fiH  tube  heat^T  's  used  only  on  some  models  e'juifiped  with 
fce  makers  ) 


lNFOR^.ATION  SHEET 


removal 


E 


Cold  conti^o!  Thernnostat  which  controls  cabinet  temperature 


F 


But^'^^*  keeper  f^Mter 


G 


A;''.!)  ■■•It  cdtTiprri  ,;i\or 


!NFOR^■Anu^J  SHEET 
H      MtMt  ^e'MVvM  heatt-f 

(NOTE  Not  Hvprv  re^fige'jtor  uses  a!!  these  heaters,  but  frost-free 
refrigerators  \\\\\       e  the  'luijofitv  of  them  ) 

L(\*dTK:n'  of  lieciters  ^ 
A      Df'^rost  hejter  Enu^edded  m  evaporator  ftns 
B      D^ain  trough  heater  Uinlefneatfi  defrost  water  drip  trough 
C      P^^rtnieter  heater  Behirnl  cat)int't  door  flange  =• 
U      Air  duct  h-Mter  Inside  of  air  durt 

E      F,i!  tL  be  heater  Around  \^  atcu  inlet  tube  for  jce  niaker 

F      Biitter  „keepe»  heater  Around  l)utter  keeper  compartment 

G      An^bient  comf >ensatof  Next  to  frpezer  temperature  control 

H      Meat  keer^v  fuater  Located  in  caf)inet  walls  around  the  meat  keeper  section 

^\OTE    Thfs  meat  keeper  section  is  only  for  short  storage  times  ) 
I       MulJton  he.  ter  Befitnci  the  nuiihon  sti  ip 
Pijff)0.e  of  refr  qe^Uor  heaters 

A      Dt'Host  l^\lLer  AutomnncaMy  reniovf^s  the  frost  accumulation  from  the 
i\  jporator 

B      Drain  trouijh  fieater  Prevents  ice  huikl  up  in  the  water  trough 
C      Pprn^v'ter  h^'ater  Prevents  sweating  ar.ound  cabinet  gasket  flange 
D      Ai\  cjuct  fM»at('r  Prevents^  ice  blork.Kj^^  in  tho  air  (iuct  ^ 
.E       F)''  tulu-  heat'^r  Prevents  ^h-  uator  from  freezing  m  water  inlet  tube 
f-      Buuer  h'i'per  heater  Kpef)s  buttf^r  at  the  proper  temperatur*^ 

r 

(i      Anil)ifu^t  '  ornp^M^SHtor  WariTis  free/tv  tfierrnost<U  for  proper  cycling 

(NC         Tins  IS  fNp<H:iat'/  u'^efu!  for  freezers  that  are  located  wiiere  the 
nr  !'  ]'P'iatUM'       u^^v^-r   thnn  tfi<;  desifed  cat)inet  temperaturi\) 
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INFORMATION  SHEET 

H      \h\i{  keeper  liejte*  Ai'Js  in  mdidtaining  the  proper  temoerature  for  meat 

i       MuiiiOf.  hr'jter  Preverits  nioisture  Uon^  dccunuilating  on  the  -i^uMion  strip 
V     Electrical  cofitrois  (Transi)aienc^  2) 
A     Ternfierdfure  coPirol  tiiermostdt 
B  Rpijiv:. 

1  Hot  Wire 

2  Curre^n 

3  Sohd  state 

'    ,C      De- r  jst  terr^maiton  thermostat 
~  D      L-ci'-t  switch 
E      Fein  iiqht  S'Vitch 
F       Defro-r  turner 
G  Overlojcj 
Vi      Location  of  piecirK,al  controlo 
A      T''f^^f:;er  itiire  control 

1  Side  of  refrtcjetator  liner 

2  Behind  air  deflecior 

B      Start!'  j     'jy  Attached  to  or  close  to  the 'compressor  termmaK 

C      D^^^fost  tetniination  the'^mostat  Attached  to  end  of  a  f:fmed  evaporator 

(NOTE  Some  ret riqcrato'^s  require  two  termination  rhermfjstats,  ^^'lred 
parallel  U)  nach  father,  \^^  order  to  keep  the  lieater  on  lonq  enougfi  for 
nrn'^'^ijr  defrost  ) 

D      L{]n»  b.vitch  hi  the  snj"  tveaker  trim,  on  door  h  nqe  side  of  tefnqt  rator^ 

\  Vi  C  ' 

E      fnr>    ^'ttcfi  Iri  the  side  f)rfMker  trtm  on  door  hinge  side  of  refr.qprdtot  (N  0  ) 
^  ^"T^-'    Thf»  hqhr  s  \'ttCf)  and  fan  su'itcii  are  uSiuiiiy  i)uiit  inlo  "Mt-  ^jssernhiy'  ) 


INFORMATION  SHEFT 

F      Defrost  timer  Usudily  locdted  behind  the"  toe  plate 

(NOTE  .Some  mdnufactuters  will  place  the  timer  in  Q;her  locations  but 
It  IS  most  ufien  iocjted  undern^^dtli  the  refrigerator  ) 

G     Overload  Next  to  c':omprPssor  behind  the  terminal  cover 

VII.    Hot  qas  dt^rost  components  (Transparency  3) 

A     Bv  pass  valve  in  discharge  line 

1  Energued  Hot  discharge  refrigerant  bypasses  the  condegser  and 
metering  device 

2  '      Deenerqi.'ed  Nornnai  refrigerant  flow 
5      oolpnoKi  Energizes  Ir/  pass  \/alve 

C  Control 

1  Motor  driven  timer 

2  Ratchet  timer 

c'j      Opening  and  closing  freezer  door  advances  timer 
b      Remote  sensing  bulb  for  termination 
VIII      El^^t^tric  il<4iost  connponcnts 
A      Motor  dr'ven  timer 

1  Starts  (if>frost  cycle 

2  Deten^iines  length  of  time  compressor  is  off, 

(NOTE  .  Various  manufacturers  use  timers  with  different  defrost  cycles. 
Defrost  timer  motor  running  time  is  determined  by  unit  running  tirTie  ) 

B      Delrost  heater 

1  Turned  of^  by  timor 

2  FerrTuruted  by 

J, 

n       Termination  thermostat 
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INFORMATION  SHEET 

^ 

•  C.     Termnation  thermostat 

1  Wired  in  series  with  defrost  heater  only 

2  Turns  off  defrost  heater  if  ambient  around  evaporator  reaches 
45'  to  50'F 

(CAUTION:  Do  not'by-pass  the  termination  thermostat  because  the  heater 
will  come  un  and  stay  on  the  en-tire  length  of  the  timed  cycle  and  could 
create  enough  heat  to  cause  excessive  damage  to  the  refrigerator.) 

D.     Drain  trough  heater 

1.  Wired  parallel  to  defrost  heater  and  termination  thermostat 

2.  Stays  on  for  entire  timed  defrost  cycle  ^ — 
IX.    Off  cycle  defrost  components 

A.     Defrost  heater  ^  \  •  ' 

B     Wide  range  temperature  control 

(MOTE:  Since  the  defrost  heater  is  only  on  during  tlie  refrigerator  off  cycle, 
a  vVj^de  range  on  the  temperature  control  will  allow  suffkient  time  for  frost 
removal.) 
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Heaters 


f 

J 

— ) 

> 

Defrost  Heater 


Quartz  Heater 


1  ..  3 

Foil  Backed  Resistance  Heater 


(Note  :  Most  Heaters  Except  The  Defrost  Heater 
Are  The  Foil  Backed  Type.) 
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Electrical  Controls 


• 


Temperature  Control  Thermostat 


c 

G 

000 
1  2  3 

M 

0 

Hot  -  Wire  Relay 


Defrost  Timer 


Light  Switch 


Fan  /  Light  Switch 


Current  Relay 


Overload 


Solid  State  Relay 


Defrost  Temiination  Thermostat 
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TM  3 


Hot  Gas  Defrost 
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DOMESTIC  REFRIGERATION  DEFROST  AND  ELECTRlCAll  CONTPOlS 

UNIT  111 


ASSIGN1V1ENT  SHEET        NAME  THE  HEATER  CJRCUITS 


List  the  heater  circuits  in  the  schematic  below  A  circuit  consists  of  a  power  source, 
connecting  wiring,  load,  and  sometimes  a  control 


-120  VAC 


Perimeter  Heater 
 VWVA^  


Mullion  Heater 
 VsAAA/  


Light  Switch 


Cab  Light 


.i4 


J 


-a 


Defrost 
Thermostat 


Defrost 

Timer 


rTemp  Control 


Fan  Switch 


Relay 


Defrost  Heater 
 AAA/  


Dram  Trouqh  Hf>ater  Wire 
 \AAA/  


Evap  Fan 

— 6n>^ 


Compressor 


 f-^^-*)  

Overload  Protector 


ERIC 


59; 


DOMFSTIC  RfiFRlGERATlON  DEFROST  AND  ELECTRICAL  CONTROLS 

UNIT  III 


'ASSIGNMENT  SHEET  =2  NAME  THE  CONTROLS 


List  the  controls  iti  the  schematic  below   A  control  is  in  series  with  a  load 


-120  VAC 


Perimeter  Heater 
 WWA^  


Mullion  Heater 
 WNAA/ — - 


Cab  Light 


Light  Switch 


(i4 


^  Defrost 
\  Thermostat 


Defrost 

Timer 


Temp  Control 


Fan  Switch 


Relay 


IS 


Defrost  Heater 
 AAA^— 


Dram  Trough  Heater  Wire 
 VW\/  


Evap  Fan 


Compressor 


Overload  Protector 
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DOMESTIC  REFRIGERATION'  DEFROST  AND  ELECTRICAL  CONTROLS 

UN-IT  III 


ASSIGNMENT  SHEET  ^3  DIAGNOSE  CIRCUIT  PROBLEMS  ' 

Look  at  the  ladder  schematic  and  answer  the  C|uesttons  fDertainmq  to  electricai  test  meter 
checks  * 

1 


■  120  VAC 


'Perimeter  Heatei 
 VvAAA^  


4 

V    Mullion  Heater 


-AAAAAr 


Cab  Light 


Light  Switch 


(i4 


Or 


'Defrost 
Thermostat 


Defrost 
Timer 


PTemp  Control 


Fan  Switch 


Relay 


Defrost  Heater 
 AAA^  


Dram  Trough  Heater  Wire- 

 vwv  


Evap  Fan 


Compressor 


— — 

Overload  Protector 


D 


0 


59: 


ERIC 


ASSIGNMENT  SHEET  ^3 

7f'f(>  voftd()e  l)etu»'Ui  H  and  N  ^  ; 

No  source  vottage  available. 

.]         No  continuity^  bet^\pen  A  and  B 

(NOTE  An  in.circuit  romponent  must  have  one  side  disconnected 
before  clieckin(),tof  continuity  to  prevent  getting  reading 
through  another  circuit  ) 

2  120  V  A  C   between  C  and  D 

3  Zero  voltage  between  E  and  F  ' 
4^       120  V*AC   between  F  and  G  ' 

5  ,    Continuity  between  1  and  2  on 'defrost  timer 

^  (NOTE   -AM  contffuiity  efiecks  should  Be  made  with  the  power 

disconnectpd  ) 

6  120  VAC   between  1  on  defrost  timer  apd 

7  Current  draw  between  1  and  J 

8  120  VAC   between  2  on  defrost  ttmwr  and  K 

9  120  VAC   between  T^  and  J 2 

10  Zero  voltage  between  T2  and  P  ^ 

11  120  VAC   between  Land'S      ^      ^  ^ 

12  rio  continuity  between  M  on  relay  and  C  on  compressor 

13  120  VAC   between  1  and  2  on  overload  protector  * 


53i 


DOMESTIC  REFRIGERATIO^J  DEF-ROST  A'^'D  FLECTRlCAL  COf^TROLS 

U:.!T  III         ^  '  ' 


ANSWERS  TO  ASSIGrjMET'T  SHEETS 


Absi<^(ffnent  Sh^et  ^] 
1.  Ppnn Hitter  heatf.*r 
2  Muilion  h.eater  . 
Defrost  hpate* 


Drair)  trough  heater 


1  0[)f'n  [)enfTH;tf'r  fif^at(w 

2  Soiirff'  volttUjf'  IS  avritUji)!f' 

3  Lifjht  s\^'!tcfi  IS  fJosf'fl 

4  ^    (JfX'f  1  (:ti[)inet  !)e|fi t 

5  ;  Dffrf'st  timer  is  L.illifU^  Itjr  defrost 
\ 

I 

B  [J''fr(>s!  tuner  is  fiot  (^fdliruj  for  defrfjst 

/  [^I'frf'Sl  f>"  'tr'f   IS  ffHTf/t/n(t 

8  Ijcfrost   timer   is     i!iinr]  f{;r  fjefr(;Sl 

9  I       M'r,jltif<'  control  is  of)(*fi  ^ 
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DOMESTIC  REFRIGERATION  DEFROST  AND  ELECTRICAL  CONTROLS 

UNIT  III 

JOB  SHEET  ^]   REPLACE  A  TEMPERATURE  CONTROL 

.  '  i 

r  '  i  '    -  '  , 

I.    Tools  and  materials  ^ 
A     Standard  slot  type  screwdriver 

B.  Ph^lllps  screwdriver 

C.  Temferature  control 
D     -Temperature  recorder 
E.  Refrigerator 

I !.    Procedure      .  ' 

A.   .Disconnect  electrical  power  from  refrigerator 
B      Remove  knob  from  terrtperattjre  control 

(NOTE.  Kr\ob  should  remove  easily.  If  it  does  not,  do  not  pry  on  it.  On 
some  temperature  controls,  the  center  portion  of  the  knob  is  on  a  tnreaded 
shaft  and  will  have  to  be'removed  first.) 

C.  Remove  temperature  control  mounting  screws 

D.  Full  control  out  enough  to  disconnect  wires 

E.  Disconnect  sensing  element  frorn  the  evaporator  if  it  is  secured  to  it 

F.  Carefully  remove  the  sensing  element 

G.  Do  not  kink  or  break  the  sensing  element 

H.  Straighten  the  sensing  element  of  the  new  t  nperature  control 

I.  Insert  sensing  element 

(CAUTION:  Be  careful  not  to  kink  or  break  the  sensing  element.) 
J      Attach  wires  to  control 
^  K.     Place  control  in  proper  location 
L.     Replace  mounting  screws 

601 


JOB  SHEET 

M     Attach  sefisinq  elemt'tit  to  •^»VtM)orj;ar  m  the  same  manner  as  the  origmai 

N      Check  to  be  sure  that  the  sensmg  element  touches  only  where  tntende^:] 

(NOTE  If  the  thermostat  sensing  element  touches  a  cold  spot  pnor  to 
r-\ichtM(]  the  evaporator  it  wi'l  cause  irratic  cyclmg  ) 

0  Re[)l<Ke  control  knob 

P.  Have  instructor  check  instdHatmn 

Q  Plug  in  refrigerator 

,   R  Set  temperdture  control  dl  mid  rancjo 

S  PIciCe  Temfjerature  recordei   m  refrigerator 

T  Allow  to  run  fur  24  hours 

U  Check  chart  for  cvdmg  f.attern 

V  Have  instructor  check  chart 

W  Clean  up,  and  put  away  tools  and  materials' 


no;. 
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DOMESTIC  REFRIGERATION  DEFROST  AND  ELECTRICAL  CONTROLS 

UNIT  III 


JOB  SHELT  ^2  REPLACE  A  DEFROST  HEATER 


I     Tools  dnci  riiatertals 

A  Standard  slot  type  scre^vdnver 

B  Phillips  screwdriver 

C  Defrost  heater 

D  Refrigerator 

E  Ammeter  or  wattmeter 
II.  Procedure 

A.  Disconnect  electrical  power  from  r'efrtgerator 

B.  Open  freezer  compartment  door 

C  Allow  freezer  compartment  to  warm  up 

D.  Remove  evaporator  cover  panel 

E.  Remove  screws  from  evaporator  mounting  brackets 

F  Carefully  pull  evapora^tor  out  enough  to  make  defrost  heater  accessible 

G  Disconnect  defrost  heater  wiring 

H  Remove  heater  from  evaporator  (Figure  1  r* 

(CAUTION.  Be  careful  when  removing  or  replacing  a'heater  with  a  fmned 
evaporator,  because  the  fins  are  sharp  ) 

FIGURE  1 
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JOB  S^-'EET  i?2 

I       lf)Stuli  nvw'  defrost  heater  \n  rhe  evaporator  slots 

J      Do  not  push  [neater  \n\o  slots  with  a  screwdnvei 

(NOTE  Using  a  screwdriver  could  damage  the  heater  Flattening  one  end 
of  a  piece  1  2  ^nch  o  ti  copper  tubing  with  a  V  cut  in  it  makes  a  good 
fv'jter  installation  tool  ) 

K      Connect  wiring 

L     Clu^ck  to  be  sure  that  no  wiring  is  touching  the  heater 

M     Push  evaporator  back  into  posit+pn 

!\l      Replace  niountifuj  screws 

0  ,  Have  instructor  check  installation 

P      Ref)lace  evaporator  cover  panel 

O      Plug  in  refrigerator 

R      Set  temperature  control  at  mid  ronge 

S      AHow  thu  refrujf^rator  to  operate  long  enough  to  cool  down  the  tern^vnation 
th^rrTi  ostat 

T  Set  ammeter  m  highest  scale 

U  Place  ammet*?r  around  one  conductor  of  power  cord 

V  Turn  tuner  shaft  in  clockwise  direction  Ajnt'l  first  click 
VV  Chf^ck  amrnf'ter  reading 

X  Se!t}ct  aiTimeter  scale  that  provides  a  center  scale  reading 

Y  Ol)serA/e   ammf/t.  r   for   a   reduction   in   reading   wheft  '  the  termination 
thermostat  opens  - 

7      ChviM  ieiKjth  of  time  of  defrost  cycle 

(NOTF.  The'  ricfrost  cycle  'should  fK)t  be  longer  than  approxir-nately  25 
minutes  ) 

'    AA    CUmu  up  anfi  put  awiy  tools  and  materials 

GO'. 
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DOMCSTIC  REFRIGERATION  DEFRO.-i  AND  ELECTRICAL  CONTROLS 

-   UNIT  HI 

NAME 


TEST 

Match  the  terms  on  the  right  to  the  correct  defmit'on, 


a 

Mojsture  accurpulation  on  cabinet  wails 

1 

Ambient 

compensatiPr 

Utilization  of  resistance  type  heaters  in 

thp  aMtnma*^ir  Hpfrn<;t  rvrle 

2. 

Am  tnma  tjc 

defrost* 

c. 

Removing  frost  accumulation  from-the 

evaporator      by      turning      off  the 

3  ^ 

Sweating 

refrigerator  and  allowir*g  the  frost  to 

me!t 

4. 

Cold  control 

d 

Thermostat    which    controls  cabinet- 

5 

Manual  defrost 

temperature 

6 

Electric  defrost 

e 

Routing  hot  discharge  refrigerant  to  the 

evaf)orator  for  frost  removal 

7. 

Hot  gas 

t 

Removing  frost  accumulation  from  tne 

defrost 

evaf)orator  periodtcaliy  by  the  use  of  a 

t'med  control  and  a  heat  source 

 g 

Small  resistance  heater  located  next  to 

the  temperatur'i,  control  on  a  fre^/er  to 

insure  proper  cycling 

t 

List  rvne 

domestic  refrigerator  fieaters 

60o 
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3         DiscLiSS  the  'ocutif^n  of  fu\itt^'^ 


4         Discuss  Tht'  purfH)se  of  rnfrujerdtor  heaters 
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6        Discuss  the  loCcUion  of  eluctric\il  controls 


7         Discusn  hot  qjs  defrost  conif)onents 
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'8.       Discuss  electric  defrost  components. 


9        List  two  off  cycle  defrost  components, 
a 
b. 

10        Demonstrate  the  ability  to 

a      Name  the  heater  circuits.* 

b      Name  the  controls  ' 

c      Diagnose  circuit  problems 

d      Replace  a  temperature  control 

e      Replace  a  defi'iQSt  heater. 

(NOTE  If  jhese  acttvitres  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  vvlien  they^  should  be  completed  ) 


699 


ACR  II  -  105-E 


DOMESTIC  REFRIGERATION  DEFROST  AND  ELECTRICAL  CONTROLS 

UNIT  HI 


ANSWERS  TO  TEST 

a  3  e  7 

b  6  ^  •        f  2 

c  5  g      1  , 

cJ  4 

a     .  Defrost  heater  ' 

b  Drdtn  trough  hejter 

c  Penmeter  heater 

cl  Air  dur'  Hfiater 

e  Fill  tut)P  heatPT 

f  '  Butter  kee[)er  heater 

q  Ambient  com})ensator  ^ 

h  Meat  keeper  heater 

I  Mulhon  heater  '  ^ 

Discussion  should  include 

a  Defrost  heater  Embedded  in  evaporator  fins 

b  Drdin  trough  fieater  Underneath  defrosi  water  drif>  trougfi 

c  Perimeter  heater  Behind  cabinet  door  flange 

cl  Air  duct  heater  Inside  of  air  duct 

0  Fill  tube  heater  Around  water  inlet  tube  for  ice  maker"'  > 

f  Butter  ke»jpor  heater  Around  butter  keoffer  compartment 

g  Ambient  compensator  Next  to  free/er  tem()erature  control 

h  Mrat  kee[)er  heater   Located  in  cabinet  walls  around  the  meat  keeper  section 

\  Mulhon  h<Niter  Behind  .ifie  mullion  strif) 
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Disruv>'t)n  should  I'u  kid*' 

J       [)tMf'>sl   fi»Mti'r   Aiituni.itjj  Jily   M'MU)vt'^  tf)('   Uosl  ju  uniuki t ion   tfoin  th»' 

I)  Drji'/  ifi)ii()h  \n\i\vr  Pr eviMits  ^icr  [)uil(J  'ip  iii  llir  wjler  lioiKjIi 

r  PtMKi.t'ttu  \n\\U'r  Prev^Mits  swtMt!f)(j  Jionnci  (.jl)ttuM  iiJsktM  lljn(|M 

(1  Ai'  (jiu:l  htMtrr  Pr^wMils  icr  [)l()ckcKie,  in  the  dir  duct 

0  Fill  tul)t>  luMit^r  Prevents  llie  wdt(^r  from  fret>/in(]  in  wjlri   inltM  lu[)r 
f  Biaier  kef,'f)pr  hejter  Kt.M'()s  butter  at  the  |)rof)er  tenifiorature 

(]      Arnhirni  c{rfii|jensjli)r  VVjinis  tretver  iherniostat  for  proper  cyrlinq 

h      MvM  keep.'f  [uMief  AicJs  tn  rnaint.Mninc]  the  pro()ei  lempt^ralure  loi  meal 
sti)ia(|L' 

1  MiiHion  htMtfi  Pfevents  inoislurf-  from  acciHnukUiin)  on  the  inullion  strip 

I)       Deffost  t'Ti'iin  itit)?i  thennostat 

*  ■» 

{  Drff  >sf   tnner  ^ 

d  ^  jn  h(jf't  s\v<t(  [i  , 

r  TfM)3i )jMiiturt'  (^ofMrcjl  tfitw niostat 

f  Hut  i^jirr  fi^Le/ 

fi  Ovt'do.id 
i        S{i!if j  stjte  tfS.iy 
i)i'??nssion  sfiouM  tr)(  lude 
t        f  ''[npeMnin'  (.onti  ol 

1 )         Sid^'  of  ndt  Kitu. itor  hnef 

?^         B^'limd  air  didl-Ltoi 
h      StiMMi;,  »e!ay  AitcH;fied  U)  or  Mos-  to  the'  comprt^ssor  ter  Mj<iis 
(       |;»a;nst  IcMi.iD.ition  tfierinostcjt  AtuK.hed  f(f  end  oP  a  finned  evafHualof 
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d  '    Liqht  Switch  In  thf.^  stdt^  t)rfjaktir  trim  outdoor  hincjo  side  of  rfjfr tcjerator 
(NO 

e       Fan  switch  ifi       sicj(i  bnrt&kit  *tnrn  on  doof  fiinqe  side  of  ref nqt-rdtor  (N  0  ) 
f       Defrost  limef  Usudlly  locatf^d  befimd  Ihe  toe  f)ldte 
y      Overload  Next  to  compressor  i)ehind  the  terminal  cover 
7         Discussion  should  include 

a      Bypass  valve  in  discharge' Ime 

1)  Enerqi/ed  Hot  di^ciiarge  refrigerant  bypasses  the  condenser  and 
metering  device 

2)  Deenergized  Normal  refrigerant  flow  . 
b      Solenoid  Enerqizfes  by  [)ass  "alve 

c  Control 

1 )  Motor  driven  timer 

2)  Ratchet  timer 

a)  Opening  and  closing  freezer  door  advances  timer 

b)  Remote  sensing  bulb  for  termination 
8-       Discussion- should  include 

a      Motor  driven  timer 

1 )  Starts  deft'ost  cycle  ^ 

2)  Determines  length  of  time  compressor  is  off 
b      Defrost  heatei  ^ 

1 )        Turned  on  [)y  timer  , 
*?)        Jprminated  l)y 

eO      Terminatif>n  t' ,ermostat 

[))  Timer 

0       Tfjrmin.ition  tnermostfjt  ^ 

1)        Wjrecj  Mfi  serif  s  with  de-frcjst  fiedter  only  ^ 

?)        Turns  ijff  cjefrost  luMter  if  dmhient  (jrounci-  evaporator  leaches 
45   to  50  F 
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fj      Drain  trough  heater       -  •  ;t 

1)  Wired  parailtM  to  defrost  heater  and  terminationMljt-rrnostat 
?)       Stays  on  for  entire  timed  defrost  Cycle  ,  • 

a      Defrost  heater 

b    #  Wide  ranqe  teniperature  control 

Perforrnani:e  skills  evaluated  to  the  satisfaction  of' the  instructor  *• 
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MECHANICAL  S^ERVICING  OF  DOMESTIC  REFRIGERATORS 

UNIT-  IV 

i  ^ 

UNIT  OBJECTIVE 


After  completion  o^h  IS  unit,  the  student  should  be  able  to  match  terms  !'<  their  correct 
definitions  and  hst  three  types  of  leak  detectors,  three  common  mechanical  system  failures, 
the  chararteristics  of  an  overcharged  system,  and  the  steps  m  cleaning  a  system  after  burn 
out.  The  'udent  should  also  be  able  to  discuss  the  inoications  of  a  refng'irant  leak, 
character!  cs  of  defective  compressor  motor  valvet.  characteristics  of  a  restricted  capillary 
tube,  and  compressor  motor  burn  out  This  knowledge  will  be  evidenced  through 
demonstration  and  by  scoring  eighty  five  percent  on  the  unit  test 


SPFCIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to 

1  Define  terms  associated  with  mechanical  servicing  of  domestic  refrigerators 

2  List  three  types  of  leak  detectors 

3.  Discuss  the  indications  of  a  refrigerant  leak 

4.  List  three  common  mechamc.al  system  failures. 

5         List  the  four  characteristics  ot  a  compressor  motor  With  defective  valves. 
6-        Discuss  the  characteristics  of  a  restricted  capillary  tube 
7.        List  five  characteristics  of  an  overcharged  system. 
S        Discuss  compressor  motor  bur/i  out 

9        List  the  twelve  steps  in  cleaning  a  system  after-  burn  out.  ■ 
10        Demonstrate  the  ability  to: 

a      Repair  an  evaporator  with  epoxy. 

I)      Evacuate  anJ  charqe  a  refrigerator  wh'oh  has  only  a  low  side  v'-rvice 

valve.  / 

/  ■  ^ 

c      Evacuate  and  chargt-  a /efriqerator  which  has  only  a  high  side  service 

VdlVf 
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ci  C\i\m  a  systeni  after  burn  out 

e.  Clean  a  restricted  capillary  tube. 

f  Ref)air  an  evaporator  by  alunnnurn  brazing 

c]  Clieck  efficiency  of  a  compressor  motor. 
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MECHANICAL  SERVICING  OF  D.  VIESTlC  REFRIGERATORS 

UNIT  IV 


SUGGESTED  ACTIVITIES 

I.  Instructor 

A     Provide  student  with  objective  sheet 

B.  Provide  student  with  information  and  job  sheets. 

C.  Discuss  unit  and  specific  objectives  I  ^ 

E.     Demonstrate  and  dfecuss  the  proced'^res  outlined  in  the  job  sheets.  ^ 


D.     Discuss  mforr.iation  sheet.  ^ 


F.  Show  the  students  a  burned  out  compressor  motor  and  a  sample  of  oil 
from  a  burned  out  compressor  r^otor. 

G.  Giv  ^est. 
II.  Student' 

A.     Read  objective  sheet, 
d      Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test 

INSTRUCTIONAL  MATERIALS 

I     Included  in  this  t.nit: 

A.  Objective  sheet 

B.  Information  sheet 
C     Job  sheets 

1.       Job  Sheet  #1  Repair  an  Evaporator  with  Epoxv 

2        Job  Sheet  ^2  -Evacuate  and  Charge  a  Refr  gerator  Which  Hds  Oniv 
a  Low  Side  Service  Valve 


ERLC 


61(j 


3.  Job  Sheet  ^3  Evacuate  and  Charge  a  Refrigerator  Which  Has  Only 
a  High  Side  Service  Vatve 

4.  Joh  Sheet  ^4  Clean  a  System  After  Burn  Out 

b        Job  Sheet  ^5  Clean  a  Restricted  Capillary  Tube 

6  Job  Sheet  ^6  Repa-r  an  Evaporator  By  AlumrnuiTi  Brazing 

7  Jol)  Sheet  ^7  Check  Efficiency  of  a  Compressor  Motor 
Tf'st 

Answers  to  test 
ererices 

Rf'fngeratfon  Serirce,  Part  f  Benton  Harbor,  Michigan  Whirlpool  Corp  . 
1974 


ACP  il  113-E 

MtCHAiJICAL  SERViCifJG  OF  DOMESTIC  REFRIGERATORS 

UNIT  IV 

INFORMATION  SHEET 

I  T^Yf^is  jfKj  (lefirTitujns 

A  Contamination  Fore.yn  substance  in  a  refn(jerat'on  systf^m  SLi^^h  as  dtrt, 
moistiirp,  or  other  foreign  matter  \^ 

B  Acidic  ConcJition  in  which  tiio  refrigerant  and.'or  oi!  becomes  corrosiwe  in 
natiiro 

C  Conipressor  motor  valves  Internal  reed  lyf)e  valves  inside  the  compresour 
v'hicfi  allow  the  lo^-/  pressure  refr'gerant  to  enter  the  compression  cylinder 
3fif.i         comf^ressed  refrigerant  to  be  discharged 

I I  Leak  detector's 

A     Soap  [uibbles 
B      Halicie  t(;rch 
C  Electronic 
ill      Refncj^Tdnt  'nak  indications 

A      Refluced  cooling  capacity 

B      Definitt  hissuig  snund  at  ca[)il!ary  tube  outlet 
C      Fvd[)oratr)r  frcjst  pattt^rn  is  short 
D      Low  wattage  draw 
E      Oil  soots 
iV     MoiHc^mcai  systf-m  faiinr.^s 

A      Df  if^ct'Vf^  Sf^dieci  system  nf)mponents 
B      R^Mrif^crant  charge 
C       R'  stf  !f  tions 

\l     Chaf 'iM'-nstics  </  a  comf^rfssor  motor  vyith  defective  valves 
A      Rf  diK  ^'(1  c  uncnt  ( f3n'uim()tion 
B       H'  ■  1  (  .  '  )l;ng  (:a()ar!t  v 

C      Hi         ti),jf*  '.on^-^ai  siKtion  pressuK' 
[J       L'yV'    lh,5M  nofntjl  dist  hargf  [)jnss:jrp 
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INFORMATION  SHEET 

Vi     Charactenshos       j  ff^stncted  cdf')i!lary  tube 

;f\OTE  The  .uiuid  \\ne  filter  dfter  will  sometimes  become  restricted  and  it  should 
he  chinked  oefore  cofniemntng  the  cap  llary  tube  A  restricted  filter-drier  will 
often  ix'  .ndicjted  by  J  definite  temperature  difference  betv^^een  the  miet  and 
outlet  ot  the  clfier  ) 

A     Partial  fPstnetion 

1  Intermittent  hisstnq  sound  at  capitlary  tube  outlet 

2  Pdrtjdi  frosting  of  evaporator 

3  Frost  on  capillary  tube 

(MOTE    This  may  occur  at  the  point  of  partial  restriction  ) 

4  Mormal  high  side  pressure 

5  '  Lower  than  normal  low  side  pressure 

6  Slower  than  normal  rate  of  pressure  equalization  when  system 
shu^s  off 

B      Complete  restriction  ' 

1  No  hissinq  at  capillary  tube  outlet 

2  No  frost  on  evaporator 

3  L(V.v  cor^ipressor  wattage 

4  Louver  than  norr^ia'  i  uyh  sicie  fjressure 

5  Low  suir  will  \n   tn  vacuum 

G         Pr^^^ssures  will  not  equalize  when  system  shuts  off 
V!l      Chardcten^tics  of  an  0\/ef charged  system 

'^^]OTE    An  overcf u'jrged  condition  is  usually  the  result  of  an  improper  previous 

sefviee  C)()eration  ) 

A      CompltteL/  frosted  evaf)orator 
B      Fiostf^d  suction  line 

C      fligh' I   fhcUt  normal  rnmpf^^ssor  wattagf* 
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INFORMATION  SHEET 

D    ^ Above  noinial  head  [iressure 
E      Con>f)fPSSor  motor  notsy 

(NOTE    Excessive  overcharge  may  damag»:  the  compressor  by  sluggmg  ) 

VM!     C()fn()ressor  moto''  bufn  out 

(NOTE    The  reffiuerant  will  have  a  pungent  odor  ) 

A     Electric  motor  \n  compressor  motor  burns  out 

B      Creates  actd  in  entire  system 

C     Compressor  motor  must  be  changed 

D     System  must  be  Hushed 

IX     Steps  m  cleaning  a  system  after  burn  out 

A     Discharge  refrigerant 

iCAUTION  Do  not  allow  the  refrigerant  or  oii  to  come  m  contact  with 
your  skin  or  eyes  because  it  will  be  acidic) 

B      Remove  compressor  motor 

C      Disconnect  inlet  and  outlet  of  capillary  tube  or  other  metering  device 

D     Connect  capillary  tube  cleaner  to  the  capillary  tube  and  clean 

INOTE:  If  a  different  type  of  metering  device  is  used  should  be 
disassembled  and  cleaned.) 

E      Flush  evdf)orator  with  liquid  refrigerant 

(CAUTION*  We"dr  safety  glasses  and  do  not  let  the  liquid  contact  the  skin 
because  it  will  cause  a  burn.) 

F      Flush  condenser  with  hc^uid  refrigerant 

G      Flush  suctiori  dnd  liciuid  lines  with  liquid  refrigerant 

fNOTE'  The  refrigerant  used  for  flushing  rhuuld  be  the  same  as  the 
rchi'i^^rjnt  ustkJ  m  the  system  ) 
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INFORMATION  SHEET 

H  Connect  outlet  of  CcifjiUdrv  ^ube  to  iniet  of  PV3[)orator 

I  IristdH  nuw  compressor  aujitor 

J  lnsi<?tr"iiew  liquid  line  filt-'^r  cir 'er 

K  Triple  j'va(,udte 

L  CharcjO  with  re'irigerant  f 
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MECHANICAL  SERVICING  OF  DOMESTIC  REFRIGERATORS 

UNIT  IV 


JOB  SHEET  ^^  REPAIR  AN  EVAPORATOR  WITH  EPOXY 

!     Tools  and  materials 

A  Aluminum  evaporator 

B.  Sand  cloth 

C  Epoxy  (which  is  designed  to  be  used  with  refnqprant) 

D  Clean  piece  of  cardboard  or  sheet  metal 

E  Acetone 

F.  Clean  applicator 

G.  Drop  light 

H.  Refrigeration  gauge  $et 
L  Vacuimn  pump 

J.  Shop  towels 

K.  Dry  nitrogen 

L.  Soap  solution 
11.  Procedure 

A.  Clean  surface  to  be  repaired  with  sand  cloth 

B.  Clean  surface  with  acetone  and  a  clean  shop  towel 

C.  Put  equal  amounts  of  resin  and  catalyst  on  a  clean  piece  of  cardboard  or 


(NOTE:  Only  use  an  epoxy  which  is  compatible  with  fluorocarbon 
refrigerants.) 


sheet  metal  (Figure  1) 


Cardboard 


Applicator 
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JOB  SHEET  ^1  '  * 

D  Mix  tlie  resin  and  catdiyst  together 

E  Apply  the  epoxy  to  the  area  to  be  repaired 

F  Place  a  drop  light  close  to  the  repaired  area 

G  Install  gauge  set 

H  Correct  vacuum  punip 

I  Pull  approximately  10"  fHg.  on  the  system 

(NOTE.  The  heat  from  the  drop  light  will  sometimes  cause  a  slight  oressure 
increase  in  the  sea'ed  system  which  can  create  bubbles  in  the  epoxy  patch 
and  result  in  pinhole  leaks  A  slight  vacuum  on  th^  system  during  the  drying 
()rocess  will  f)revent  this  ) 

J      Leave  the  light  on  for  approximately  two  hours 

Allow  system  to  set  for  twenty  four  hours 

L      Pressurize  with  dry  nitrogen 

M,    Check  repaired  area  with  soap  solution 

N      Discharge  nitrogen 

,  0  Evacuate 

(NOTE.  Check  with  instructor  about  changing  the  filter-drier  prior  to 
evacuation  ) 

P      R(}chjrqe  system  with  refrigerant 

Q      hidve  instructor  cfieck 

^-  Clecui  up  and  put  away  tools  and  materials 
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,    MECHANICAL  SERV!CIN(5  OF  DOMESTIC  REFRIGERATORS 

UNIT  IV 


JOB  SHEET  ^2  EVACUATE  AND  CHARGE  A  REFRIGERATOR 
WHICH  HAS  ONLY  A  LOW  SIDE  SERVICE  VALVE 


I     Tools  and  materials 

•  A  Domestic  refrigerator  with  low  side  access  valve 

B.  Refrigeration  gauge  set 

C.  Calibrated  charging  cylinder 

D.  Refrigerant 

E  Clean  shop  towels 

F.  Vacuum  pump 

G.  Mercury  manometer 

H.  Safety  glasses 

I.  Pocket  thermometer 
J.  Pressure  chart 

K.  Soap  solution 
II.  Procedure 

A.  Put  on  safety  glasses 

B.  Put  refrigerant  into  charging  cylinder  (Figure  1) 


FIGURE  1 
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JOB  SHEET  ^2 

C.     Rotate  dial  shroud  to  proper  refrigerant  and  pressure  reading  (Figure  2) 

<* 

.(NOTE    The  drum  pressure  will  be  indicated  on  the  gauge  which  is  on 
top  of  the  charging  cylinder.)  ^ 

FIGURE  2 


D.  Close  charging  cylinder  valve  when  refrigerant  reaches  the  desired  level 

E  Close  refrigerant  drum  va'^'p" 

F  Set  drum  upright 

G.  Place  shop  towel  around  hose  and  loosen  hose 

H.  Allow  refrigerant  to  purge  from  hose 

I  Connect  gauge  set  to  low  side  service  valve,  charging  cylinder  and  vacuum 

pump  (Figure  3)  


Low  Side  Service  Valve 
FIGURE  3 


■ 

Marrometer 


Gauge  Set 


5 


-Charging 
Cylinder 


■Vacuum  Pump 
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JOB  SHEET  #? 
J       Open  low  Side  ^Ficj(;  S(;t  Vdlvr  ^ 

L  Stiir't  ■  Vciuuuiii  punip  .  ^ 

M  ProfXMly  _rvj(.Udt<' 

N  'PcnodiCciMy  clu'ck  va(.ijurn  puinp  operdtion 

O  Cl()S('  low  side  vdlve  on  (jdUvjc  -Sfit 

P  Closr  vjcuum  [)ump  Vdlve 

O  Allow  sy^)t('in  to  sul  for  d[)()roxir]idlely  ten  laiinutes 

V 

R  Clu'ck  c()in[)()urKj  cjducju  for  a  loss  of  vacuum 

S  Open  vjlvc  (fn  cfitiryincj  cylrndor  ^  ^ 

T      Crjck  low  side  vdlvf  on  qauyc  set 

(NOTE*  Refriijorjnt  should  enter  the  system^  slowly  so  as  not  to  wash  the 
oil  out  of  tfie  conipressor  )  ^  ^  . 

Allow  system  pressure  to  rise  to  ap[:)roximately  50  ps.i.g 

V  Start  refnyerator  '  '  • 
.  W     Allow  tfu'  rest  of  the  refrigerant  to  enter  the  system  slowly 

X      Kee[)  the  pressure  out  of  vacuum  while  charging 

(NOTE  Systefiis  with  rotary  compressors  will  scKrietimes  run  in  a  vacuum 
for  d[)out  tfiirty  minutes  and  gradually  come  up  to  the  correct  low  side 
pressure  ) 

Y  Close  char(jtnq  cylinder  vaive 

Z  Close  low  side  valve  on  gauge  set 

AA  Allow  refrigerjtor  to  run  until  freezer  Lompartment  is  d(:)proximately  O'F 

BB  C^^^*^K  '^^^''v  Side  gauge  [)ressure 

CC  Check  pressure  teni[)erature  chart  ^ 

DD  Have  'nstructor  cfieck 


EE    Remove  gauge  set 

FF  Ciieck  service  Vci've  w!tli  soap  solution  for  possible  leaks 
GG   CU\i\)  uf)  and  put  away  tools  and  materials 
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MtCHANICAL  SERVICING  OF  DOMESTIC  REFRIGtRATORS 

UNIT  IV  •  -J 

JOB  SHEET  #3  EVACUATE  AND  CHARGE  A  REFRIGERATOR 
WHICH  HAS  ONLY  A  HIGH  SIDE  SERVICE  VALVF    •  ' 

Tools  and  materials 

A  Domestic  refrigerator  with  high  side  service  valve 

B  Refngeration  gauge  set 

C.  Calibrated  charging  cylinder 

D.  Refrigerant  ^      »  r  • 

E.  Clean  shop  towels 

F.  Vacuum  pump  ^ 

G.  Mercury  manometer 

H.  Safety  glasses 

I  Open  end  wrenched 

J-  Pocket  thermometer 

K.  Pressure  ehart 

L  Soap  solution 

M.  Valve  adapter  kit 


/ 
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JOB  S'TLl  ^3 

A      Put    )n  b.iietv  (jLiS^"^ 

B      pjt  II  tri'i.'rjtit  I'lto  cnjraiiu)  ,  vi""i<>'  (Fujui"  1) 


Fib. 


• 


C     .Rr.iite  H'll  ^f^rouc;  to  iMotn^i   fpffujoian;  jnd  pressure  read-ng  (^iqurc  2) 
.-^OTi-     Tiu'  fliiiMi  pr.-^sun.  u'll    Ijo  -tn  ii  :Jt-d  on   tho  qaugtj  wliich  i3  on 


hlGUIT.  2 
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JOB  SHEET  ^^3 


E      Close  rofriqerart  drum  valve 
F      Set  dru.-^-.  upright 

G.     Place  shop  towel  around  hose  and  loosen  hose 
H      Allow  refrigerant  to  purge  from  hose 

I      Connect  gauge  set  to  high  side  service  valve,  charging  cylinder  and  vacuum 
.^Ui'np  (Figure  3) 

(NOTE  If  working  with  a  Fngidare  compressor  the  service  valve  adapter 
Will  have  to  be  installed  first  ) 


J  Open  high  side  and  \o\j  side  gauge  set  valves 

K  Open  vacuum  pum[)  /alve 

L  Std^t  vacuum  pumn 

M  Pro[)erly  evacuato 

N  Periodically  check  vacuum  pump  operation 

0  Close  vacuunn  pump  valve 

P  Allow  system  to  set  for  approximately  ten  minutes 

Q  Check  CQf'^pound  gauge  for  a  loss  of  vacuum 


JOB  SHEET  ^3 


R     Close  luw  bide  valve  on  gjuge  set 

S      InciedSe  pressure  in  charging  cylinder 

(NOTE  Some  charging  cylinders  have  d  built  in  heater  that  can  be  plugged 
,  in    If  the  cylinder  does  not  have  a  heater  use  another  heat  source  such 
as  a  drop  iight'  or  heat  yun.) 

(CAUTION  Never  apply  an  open  flame  to  any  container  which  has 
refrigorant  in  il.) 

T      Increase  cylinder  pressure  to  .      ixtrnum  of  150  ps.i.g. 

U      Remove  heat  from  cylinder 

V  Open  charging  cylinder  valve 

vV     AHoU'  ai!  uf  the  refrigerant  to  enter  the  system 
X     Close  cliarging  cylinder  valve 

Y  Start  refrigerator 

(CAUTION  Never  try  to  add  refrigerant  through  a  high  side  service  valve 
with  the  compressor  running  ) 

Z  AHovV  refrtgp'-jtor  to  r  n  until  the  freezer  is  O^'F 

AA  Check  condensing  ambient  tem[)erature 

Ch^ck  \i\qh  side  pressure  reading 

CC  Cl.-^ck  pressure  tem[)erature  chart 

DD  Have  ifistn.'Ctor  check 

EF  ri'jsf'  or  back  seat  high  side  service  valve 

FF  Puce  ^hof)  towel  arounu  hos*^  to  remove  it 

{NOTE  If  tfir  serv.ce  valve  is  of  the  r  cess  core  type,  place  a  shop  towel 
cKound  it  dnfl  remove  the  hose  quickly  ) 


MECH^N1C/\L  SERVICING  OF  DOMESTIC  REFRIGERATORS 

UNIT  IV 


JOB  SHEET  ir4  CLEAN  A  SYSTEM  AFTER  BURN  OUT 
Tools  and  materials 


A 

Domestic  refrigerator 

B 

Refrtgerant 

C 

Capillary  tube  cleaner 

D 

Torch 

E 

Silver  solder  flux 

F 

Sand  cloth 

G 

Silver  brazing  alloy 

H 

Copper  tubing  1/4"  o.d 

1 

Flaring  tool  and  block 

J. 

Tubing  cutter 

K 

FSare  nut  1/4" 

Shop  towels 

M 

Safety  glasses 

N 

Process  tube  adapters 

0 

Refrigeration  gauge  set 

P 

Retnger^nt  oil 

Procedure 

A 

Put  on  safety  glasses 

P 

Discharge  refrigerant 

(CAUTION  Do  not  allow  the  refrigerant  to  touch  your  skin  or  eyes  as 
It  wfll  contain  a  ^ 

C      Remove  burned  out  compressor 

D      Rernove  liquid  line  filter  drier 

E      Disconfiect  outle    of  capiiiary  tube 

U  O  -^4- 
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JOB  SHEET  #4 

0  Rornove  fjrocess  tube  adapter 

P  Place  the  process  tube  adapter  on  tfie  compressor  end  of  the  suction  hne 

Q  Place  shof)  towel  over  open  inlet  tube  of  evaporator 

R  Flush  evaporator  with  liquid  refrigerant 

S  Attach  capillary  tube  cleaner  to  the  capillary  tube 

T.  Force  clean  refrigerant  oil  through  the  capillary  tube 

U  Silver  braze  capillary  tube  into  inlet  of  evaporator 

V.  install  new  compressor 

W.  Install  new  filter-dr.er 

X  Triple  evacuate 

Y  Charge  with  a  calibrated  charging  cylinder 

Z  Ha^  j  instructor  check  ^  . 

AA  Clean  up  and  put  away  tools  ana  materials 


\ 
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MECHANICAL  SERVICING  OF  DOMES'i  IC  REF  RlGERATOf^S 


JOB  SHEET  #5  CLEAN  A  RESTRICTED  CAPILLARY  TUBE 

Tools  and  materials 

A  Restricted  capillary  tube 

B  Capillary  tube  cleaner 

C  Flat  file 

D  Torch 

E  •  Sand  cloth 

F  Silver  brazing  alloy 

G  Silver  solder  flux 

H  Copper  tubing  1/4'*  o.d. 

I  Flare  nut  1/4" 

J.  Shop  towels 

'K  Two  pairs  of  slip  joint  pIters 


M.    Tubing  cutter 
1 1  Procedure 

c- 

A     Put  on  safpty  ^'asses 

B     Straighten  the  capillary  tube 

(NOTE-  If  a  foreign  particle  is  dislodged  in  the  capillary  tube  it  could 
become  lodged  again  if  there  is  a  sharp  turn  in  the  capillary  ,tube.) 

C  Score  capillary  tube  one  inch  m  from  end  with  edge  of  flat  file 

D  Place  pliers  on  the  capillary  tube  and  break 

E  Cut  a  four  inch  piece  of  1/4"  copper  tubing 

F  Flare  one  end  of  1/4"  tubing 
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JOB  SHEET  ^5 

G  Place  fidre  nut  on  tubing 

H  Polish  the  cdpiMary  tube 

I  Instjt  capillary  tube  into  opposite  end  of  tubing  from  flare 

J  Crimp  tubinq 

» 

K  Silver  braze  tubing  to  capillary  tube 

L,  Attach  capiMary  tube  cleaner  to  flare  nut^(Figure  1) 


FIGURE  1 


Capillary  Tube 


Mruiu'  Cnf^tll.^'^v  Tube  Clcuner 


Hydraulic  Capillary 
Tube  Cleaner 


H,)V';  instaictor  .ns[)ect  hook  up 

N      rorc^j  uii  Ihiouqh  tlie  ca[)illary  tube 

(CAUTION  Thf.  gauqe  on  the  hydraulic  capilla'-y  tube  cleaner  may  be 
.jiMiKi^'d  f  t(jo  much  pressure  is  applied  Check  with  instructor  on  proper 
(>roctHiurp  to  prevent  damage  ) 

ijiJTE    Ihij  sfiort  pieco  of  1/4"  tubing  and  the  flare  nut  may  need  to 
[;t'  it  ft  on  the  car)illary  tub^  for  easy  connection  to  the  filter-drier  ) 

P  I'-^'itructor  check 

C      Clf'.n         ind  f)Lit  jvvjy  tools  anr^  matnidls 
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MECHANICAL  .SERVICING  OF  DOMESTIC  REFRIGERATORS 

UNIT  IV 

.OB  SHEET  1^6  REPAIR  AN  EVAPORATOR  BY  ALUMINUM  BRAZING 

I  Tools  and  materials 

A  Aluminum  evaporator 

B.  Torch 

C  Aluminum  brazing  rod 

D  F!ux 

E  Shop  towels 

F  Sand  cloth 

G.  Safety  glasses 

II  Procedure 

A  Put  on  safety  glasses 

B  Clean  the  surface 

(NOTE  The  aluminum  evaporator  should  be  tilted  slightly  so  that  any  traces 
of  oil  m  It  will  not  collect  at  the  heat  area.) 

C.  Warm  o^"  of  the  brazing  rod 
D      Dip  warmed  end  into  the  flux 

E      Melt  flux  off  of  rod  onto  area  to  be  brazed 

F      Keep  torch  m  motion  and  heat  rapidly  unti!  flux  turns  to  liquid 

G      Melt  rod  onto  the  aluminum  while  keeping  the  flame  on  the  fluxed  area 
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JOB  SHEET  ^6 


H     Scratch  tht*  dr^M  with  the  rod  as  the  soldfir  begins  to  melt  (Figure  i: 


FIGURE  1 


Rod  StJitifK^^  to  Meii 


I  .  Kt^tp  [he  torch  in  niotton  until  tho  entire  area  to  be  repaired  is  covered 
J       A.  'jvj  tfit>  soid^'r  to  coo! 

K      R-niMV.'  \hi    [lux  residue  warm  water  and  a  clean  cloth 

.^]{.)rF     It  fniijht       necessa»\  to  f)rpssuti/^p  and  check  for  leaks) 
[       H  ijf^  flu-      .t^ lictf^.r  in>:4.'*-'<'t 
M     C\i'.v\  up  anf)  !'Uf  ^.-'u^cl/  i(;ols  and  matf^nals 
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MECHANILAL  SERVICING  OF  DOMESTIC  REFRIGERATORS 

UNIT  IV 

JOB  SHEET  ^7  CHECK  EFFICIENCY  OF  A  COMPRESSOR  MOTOR 

.    Tools  and  materials.  ^ 
A      Domestic  refrigerator 

Refrifjeration  qauqe  set 
C      Ammeter,  or  wattmeter 
D     Safety  glas':?^ 
E      Pinch-off  tool 
F.     Open  end  wrenches 
Procedure 

A     Put  on  safety  qlassec 

B.     Attach  gauge  set  to  system 

C      Connect  ammeter  or  wattmeter 

D     Start  system 

E.     Al!o'//  pressures  to  stabHize 

F      Use  pressure-temperatu'-e  chart  to  determine  the  approximate  pressures 
GTE     A^  t^iefficient  com[jressor  v/pI  be  indicated  b/  a  conbir.dtion  of- 

1  Higher  t^an  normal  suction  oressure 

2  Lo;yer  t'-^an  normd!  dtscha'ge  pressure  i 

3  Lo,;er  th(in  r^ornvj'  current  cr^nsumption  ) 
G      Hd^e  iristructof  ir'S^KjCt 

H      S^^  it  off  s/stem 

!       Remove  hoses  'rom  -iccess  yai/e'j  using  d  snop  to'v^'f  to  protect  the  skin 

'\OTE  Hoses  c  j^^'Ot  b''  :;ur'i^^;  o^  r^v.^e^'  J'iT  prior  to  lA-^'g  rf-mo^^'d  Vorn 
d''  ^icces^i  core  ^ j^\^'Jl  j 

J       R^'^-  0  J^'  t^^m^or.jr  /  trj[j       A'",    ^  usf'd 
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MECHANICAL  SERVICING  OF  DOMESTIC  R€FRIGERATORS 

UNIT  IV 

NAME   ]  

TEST  ' 

1.  Define  terms  associated  with  the  mechanical  servicing  of  domestic  refrigerators. 

a.  Compressor  motor  valves  -  ^ 

b.  Contammation- 

c.  Acidic-- 

2.  List  three  types  of  leak  detectors, 
a 

b. 
c 

3        Discuss  the  indications  of  a  refrigerant  leak.  . 


\ 

\ 

4        List  tiiree  conrjmon  mechanical  system  failures. 

I) 

c 


I 
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5.        List  the  four  characteristics  of  a  compressor  motor  with  defective  ^valves. 


/ 

jo.  D 


c. 


iscuss  the  characteristics  :of  a  restricted  capillary  tube. 
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7.       List  five  characteristics  of  an  overcharged  system. 

a.  ^  ^ 

"   b.  ' 

c.         ,  * 
■    d.  .  « 

8. 

'  8.        Discuss  compressor  motor  bu5:n  .out.  i 


ujn  .out.  y 


9.  '      List  the  twelve  steps  in  cleaning  a  system  after  burn  out. 
a. 
b. 

c  • 

d  ■  ■  . 

e. 

h    ■      •  • 


I- 

k. 

I. 


ERIC 


DeiiioiHtr Jle  tlu'  jhilily  to 

J       Rep  111  jn  ('Vj[^'')Mu)f  vvit'^  epoxy 

h      EvjrujU'  tinci  chiU(}0  j  irtrupM  jlor  v^'hirh  lus  only  J  low  side  seivire  vjlve 

c      EvciruJte  ,uitl  chtU(|0  j  i(^*n(,erali)i  .vliich  has  only  j  hiijh  suie  service  Vtilve 

il      CUmm  :\  system  jtter  i)Lii  n  out 

e      Clean  ^  ?      'cteil  capillaiy  tube 

t       Refiaif  an  evaporator  by  akinitrHini  l)ra/in(} 

{]       Check  efficiency  of  a  comprc^ssor  motor 

(NOTE  If  itiese  activities  have  not  l)een  accomplished  [^rior  to  the  test,  ask 
VOUf  instructor  wb(?n  tliey  slioiild  l)e  corppleted  ) 
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^•^echanical  servicing  of  domestic  refrigerators 

UNIT  IV 


answers  tc  test  ^ 


1 

2 
3. 

4 
5 


a      Compressor  motor  valves  Interrial  reed     je  valves  inside  tiie  compressor 
h»ch  allow  tlie  low  pressure  refnqefant  t-  enter  {he  compression  cylinder 
arn!  the  compressed  •'efrigerant  to  be  discharged 

t)      Contamination  -Forenjn  substance  in  a  refrigeration  systc^m  such  as  dut, 
'.moisture,  or  othet  foreign  matter 

c      Acidic-  Condition  in  which  the  refrigerant  and^or  oil  becomes  corrosive  in 
nature  ^ 

a  Soap  l)u[)l)les 

Hdhde  toich 

c  Electronic 

a.      Reciuceri  coolinc]  cd\')3C\\\/ 

h.     Definite  hissing  sound  at  capillary  tube  outlet 
c      Evaporator  frost  pattrrn  is  short 
fi      Low  wattatje  draw 
e      Oil  spots 

ci      Defective  sealed  system  components 

I'  '  Refrujerant  cfiarge  ' 
c  Restrictions 

a       Rfnlurer  1  current  consu motion 

b      Ri'.rjurofi  cooling  rapaoity 

c       Flifjfuj   tlian  normji  suction  [)ressure 

<\       Lf)\"M   than  normal  discharge  pn^ssurf' 

Discussion  siioiild  incL.  ie 

.i       P(ir  tial  rrslncliDn 


IrM.imittont  f^issHV)  sound  at  ca[)iHary  luho  oulifM 


Pnr  {i,]l   fr(>STiii(|  ()\  ^  '^}[jOrcjtor 


,  3i 


Fi  f)St  on  ( 51 V 
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]  '  ^  M    fusMfV]     il    C  cttii  t.jlM-  outlet 

r,  Pm        "IS    '    li!     m't     fMlil.ll'/"    ^>''fM1    SyStl^'T     S'Hltj  iA^ 

F^'!^,"       ill  f.difilit  ct )p ti )f f*ss{ )(   '.Vfi n It' 

;  ;   (  i  !•  '>  <  )t  i  ( >'  1  •  1   irv  li  m  It 

r'f'Mf  "^'!tf)r   HI  funii;irs^ui   n-^oU?r  hiirr^s  out 


'f       ' ,      '  II  ><  }f ,  )*' P  '   It  }ii  i-' ,   '    ( I  '  "  r  I!  I 

f      ,  "      I       II     'M   I  !     ^"  :  n  (     i  U]'  i     '    f  (  *  r  I  ■  jt '  .  IM  ' 

{  ! ,      .'ill,     .  f  n">      !  f  i '    !  M  ;{|tf ,    1 .  1 1  t  ( j'S  It  M 
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ERIC 


Connect  outlet  of  capillary  tube  to  inlet  of  evaporator 
I.      iMbtdli  new  comp.essor  motor 
j.      Install  new  liquid  line  filter-drier  ' 
k.     Triple  evacuate 
I.      Cha-cie  with  refrigerant 
10        Perforrndnce  skills  evaluated  to  the  satisfaction  of  the  instructor 
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TROUBLESHOOTING  DOMESTIC  REFRIGERATORS 

UNIT  V 


UNIT  OBJECTIVE 


After  coitipletion  of  this  unit,  the  student  should  be  able  to  define  troubleshooti.ig  and 
list  the  steps  in  systematic  troubleshooting,  and  preliminary  checks  to  make  when 
troubleshooting  domestic  refrigerators.  The  student  should  also  be  able  to  discuss  the  steps 
in  checking  a  nonoperative  compressor  motor  and  the  procedurp  in  troubleshooting  a 
frost  iree  refrigerator  and  diagnose  rpfngerator  complaints  This  knowledge  will  be 
evidenced  through  demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  the  completion  of  this  unit  the  student  should  be  abie  to 


Define  troubleGhooting 


2.      \yList  the  seven  steps  in.  a  systematic  approach  to  troubleshooting 

3        List  the  SIX  prelimmarv  checks  to  be  made  when  troubles'  jotmg  a 
refrifjerator. 


4. 


Discuss  the  steps  in  checknig  a  nonoperative  compressor  motor. 


5 


Discuss  the  procedure  in  troubleshooting  a  frost-free  refrigerator. 


Demonstrate  the  abi'ttv  to  diagnose  refrigerator  complaints. 
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TROUBLESHOOTING  DOMESTIC  REFRIGERATORS 

UNIT  V 

SUGGESTED  ACTIVITIES 

Instructor' 

A.  ^rovide  student  with  objective  sheet. 

B.  Provide  student  with  infornnation  and  assignment  sheets. 

C.  D  '^"ss  unit  and  specific  objectives. 

D     Discuss  information  and  assignment  Sheets. 

E      Dosiqn  teaching  aids  to  motivate  the  learning  of  troubleshooting,  sucr-  s 
(jumes  like  concentration  or  bingo. 

F      Have  students  review  previous  units  of  instruction  such  as  motors,  relays, 
capacitors,  mechanical  servicing,  defrost  and  component  replacement. 

G     Give  test 
II  Student* 

A.     Read  objective  sheet. 

B      Study  mforrnation  sheet 

C     Comf)lete  assignmont  sheets. 

D      Review  previous  units. 

E.     Practice  troubleshooting  techniques 

F     Take  test. 

INSTRUCTIONAL  MATERIALS 

I      liicludec^  in  th's  unit" 
A     Objective  sheot 
B      Information  sheets 

C      A^SKjnment  She^t   -1   DicKjnose  Refricjerator  Cor))pla!rUs 
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D.     Ar"isv;ers  .o  jssfcinment  si^eet 
E  Test 

F      Ansu(Mb  to  test 
I.     Re'efenc(^  Ret  iQefcHfOfh  P^^rt  I.  Benton  Harl)or,  Micliigafi.  Whirlpool  Corp.  1974 


G1 
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TROUBLESnUi." !  ^      (JOMfSTlC       FRKW- PATORS 


n:FQR'^'AT!ON  SHEtT 


Stt'i)S       .i  svstfMnjtic  n:M)'ocirh  to  ttoul^lf'shootifv; 

A      Kp>v"   the  s/steni 

B      Tr;*     to  the  ciiStonn^^^' 

E  Li  uossit>ie  causes 
F  R(^df*h  ci  cr.nciiiS'on 
G      Trrst  yojr  conci'jsloa 


It!      Prpl'f^ind'v  c^^erks  to  i)e  'rtr/ic  when  trouhieshoottnq  a  refriqe'-a-or 
A.     SoiifOP  vrjitarjo  3Vji!  'h'- 

C      T'  '  ' ;^H;St<3t  '::(}ri tact:-.  mom'Vi 

D        C''         ■'  ^>''><l0ri?f*» 

'^uTE    T'^<  rnfv,^>nsrf  should  he  c'earu^rl  o^^  '         ^LUmrr^'oi      .nrr^  ^n\)  ) 
E      F'  nst  . ;rr  1  )fnn!,jt lOf".  pv-JnorntO! 
E      F  '    f^^' 4ot  oi)<'f  it loo 
(V     S*»'()'.  'f"  ^i^*>fliru|  J  n(jno(v-^fdtt\r'  compressor  motor 

fi  '         '■iin^i'-M  .s, .!   ".nt'-'i  st.iftiMd  f  ofTifuiMf^n  ts 

C      ^        '  '  <     :.M  1 1'>  :  t ''s '  (  f  M  r  1 
D  I    ('I   to-    s\j*  '  , 
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C'  t^r  K  St  H  •  c^i\)  \C'  \o\ 

'  Acv  rrot'^f  >*.  Mfi  r  st..M,  jnc'         no  hum' 

C'l'TK    inbvn  ji  OViMlurl(i 

i'      c  ro'rpit^ssof  'notor  dcrir  ts  hoi  oHovv      time  to  coo!  and 
.      'Mt^^'-vM    ^"'{)tw[   hulls,   but  'VfUi':  Sldft 

1  tarry  t.'vvrse  fOtritlOn 

!.       I'^sprr  s^ift  caf)dCitoi    sn  circuit 
?  -  svstr'  '  tht'fi  '\\   U)  start 

)Tr    A  i^prcMtaut'  o'^  tht   cor^in'amts  about  Kisi' fficieiu  cooiin^j  i 

t  'ff  >    I"*'  '.<■!  it')r  's  ;iu^^       a  ivjMunrtion  of  the  automatic  dofrost  ) 


'OTE 


1  P'-)iacr  fu^^' 

Risf't  (Mt  cm  '  hf  f'al  pf 

I  >M^'-   r>i{,i()r    ;i  KtiMfj  C{.iP[u*nr'fjts 
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INFORMATION  SHEET 

C     Tiiennostcit  contdcts  not  closing 

1.  Check  thermostat  setting 

2.  Check  sensing  element  location 
3        Ref.,ace  thermostat 

D      C  nclenser  needs  cleaning 

1  Remove  all  dust  and  dirt  accumulation  ^ 

2  Provide  adequate  air  circulation  around  refrigerator 
E      Frost  accumulation  on  evaporator 

1.  Manualiy  turn  defrost  timer  into  defrost  cycle 

(CAUTION   Always  turn  the  timer  shaft  in  a  clockwise  (iirection.) 

2.  Check  amperage 

a.     Correct  amperage  .indicates  defective  timer 
h      No  annperage  indicates: 


1. 

Open 

heater 

2 

Open 

termination  thermostat 

3 

Oi)t:n 

, timer  contacts 

4 

Broke 

r,  wire 

^NOTE  The  termination  switch  will  he  open  unk'',5  t'^'  frt^'/er 
compartnnent  is  dov^^n  to  20  F  Most  termination  Mk  fn^ostfUs  open 
(it  jf)[)roxirTitit<'l /  50  r   and  dose  at  ai:)pf oxtmatelv  20  1-  ) 

3         P^m^I^jc^^  rif  ^^'Cl'vr'  comnonents 

F       lnn;)"r,itiv>'  ftiit  fiioffws  Rei^iafr  moU)r 

n.OTh  t'Vtjnorr)tf)r  'nr^tor    \\>j\  is  not  runnifig  will  etedV'  .t  nr^'  n<.)r^ 


/ 

/ 

( 


r 
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TROUBLESHOOTING  DOMESTIC  REFRIGERATORS 

UNIT  V 


ASSIGNMENT  SHEET  ^1- DIAGNOSE  REFRIGERATOR  COMPLAINTS 

Write  in  the  diagnQses  and  corrections  for  thQ  following  refrigerator  complaints 

1         Compi^ssor  motor  will  not  start  or  hum  when  co.^nected  to  a  start  test  roid. 


2        Defrost  timer  must  be  turned  manually  to  initiate  and  terminate  the  defrost 
cycle 


3.       Amperage  draw  through  the  wire  to  the  compressor  motor  start  terminal 
continues  until  the  compressor  motor  cycles  on  overload. 


4.       Compressoi  motor  hums  but  won't  start  until  the  --efrigerant  is  discharged. 


5.       No  source  voltage  available  co  the  refrigerator. 


6        Freezer  compartment  has  cooked  down  to         and  turning  the  defrost  timer 
shaft  clockwise  will  not  energize  the  defrost  heater. 


ERLC 
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7.        CofKlensof  .iii  f'OvV  festnctP'"',  corulfMisff  f tfi^  cHL' dir  ty  .1 
stjck(Ki  on  t(;p  ()t  Thf^  r -jriqer  titer 


(1  tfiof-"^  <Mi'  \\\\)vr  sacks 


^         \')  air  m  loofi  ctjniparttnt^nt'orirl  t'^^   f'vanoratot   is  fu:)Stinq  '^"'v 


;       9         A  v(^!irr.LT''f  rh»>ck  infiicjN^s  voltarie  availahie  to  1' ,e  defrost  heatpf  hut  rio  ^^^^at 


i\o         (:.'r^M)r.'ss.M  r,v>tor  v-'i!'  (nii ;  hum  v/iiof^  (.ofif ]^H:rpd  to  the  startiiuj  test  cord 


\ 


\ 
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TROUBLESHOOTING  DOMESTIC  REFRIGERATORS 

UNIT  V 


ANSWERS  TO  ASSIGNMENT  SHEET 

1.  Motor  vymding  is  probably  oper».  If  the  comprp'sor  motor  is  equipped  with  an 
internal  overload  allow  the  compressor  motor  to  cool  and  rech^ck. 

2.  Defective  defrost  timer.  Replace  timer. 

3.  Stuck  relay-replace  the  relay.  / 

4        A  hiqh  side  restnction  is  creating  too  much  load  Ort  the  compressor  mo/or. 

/ 

5.  Replac-  circuit  fuse  or  resei  circuit  breaker  and  check  refrigerator  amperage  draw. 

6.  Termination  thermostat  hes  not  reset.  Allow  freezer  compartment  to  cool  down 
below  20^F  and  recheck. 

7.  •  Clean  the  condenser  and  remove  any  objects  from  around  the  refrigerator  which 

restrict  air  flow. 

8         Evaporator  fan  is  not  running. 


Defrost  heater  has  an  open  circuti   Replace  defrost  heater 


10.  ,    'compressor  motor  is  stuck.  Attempt  tp  start  by  reverstncj  rotation  or  by  adding 
a  start  capactor  to  the  cncuit. 


65; 
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TROUBLESHOOTING  DOMESTIC  REFRIGERATORS 

UNIT  V    •  ' 


NAME 


TEST 


1.       Define  troujalisllDOting. 


List  the  seven  steps  in  a  systematic  approach  to  troubleshooting. 

a.  °  - 

b.  ■  . 
c. 

d. 
e. 

t 

9- 

List  the  six  preliminary  checks  to  be  made  when  troubleshooting  a  refrigerator. 

f 

a. 

b. 
c. 


4        Discuss  the  steps  in  checking  a  nonoperative  compressor  motor. 


a. 


b. 
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3 
4 


3 

f 

1  ^ 

2 

hi 

5         Discuss' rlu;  dt' ''ffluro  in  tiuuhlcslinoliiHi  j  fuisl  tr(>(>  r(>frii)Pi<!tni ' 
I       Nf)  S()iii('(>  v(i! t 
1) 
?) 

t)      (>)nr>ri>ss();  motor  .iin|)er,K)('  too  tinjh 
1) 
?) 
•j) 
4) 

A 

f        Ti  i('MTU)m<it  (  ontdfMs  not  cHosii  u) 


IT 
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d.  Condenser  needs  cleaning 

1) 
2) 

e.  Fiost  accumulation  on  evaporator 

1) 
2) 

a) 
b) 

1) 

2) 
3) 
4) 

5) 

f.  "     Inoperative  fan  motors 

6.        Demonstrate  the  ability  to  oiagnose  domestic  refrigerator  complaints 

(NOTE    If  this  activity  has  not  been  accomolished  prior  to  the  test,  ask  your 
instructor  when  it  should  be  completed  ) 


G5; 
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rROUBLESHOOirT  DO^^ESTiC  RL    RiGF.  P  ATQRS 

UMT  V 


A\S\;'LRS   ivi  TEST 
T  t' ^    to  tfv'  LUStoi'T^r 


C  ■    '  (  <  (Mi  i'^  IS'" 

F  f   ,^*     ji  r  'Of '    or        '  :  f  >r  /f ) 


C/n  {I-   (if  'M,',f   (ifM'  ' 


'6?  r 


\  ni  •  nil 


)f     '  I  M  if  (>r 


I  in  ;f  i 


I , '  if  ni  .     i!  {  (•  P    i    !  I '  [j  I  n(  'I  .it  M' 
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e.      Frost  accumulation  on  evaporator 

1)  Manu^My  turn  fjefrost  tmu'r  in^o  defrost  cycle 

2)  Chiic^  ampefdrie 

a)  Correct  am[)e''afje  indicates  dcftictive  timer 

b)  No  am[)era{je  t.itiicates* 

(  I )      Open  heater 

(2)      Open  terminatjon  therrnostal 


(3) 


(4) 


Brokerr  wire  . 


3) 


Replace  defective  components 


6 


Inoperative  fan  mato>s  Replace  motor 
Evdiiiateci  to  the  satisfaction  of  the  instructor 
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DfJ^rSnC  F^FPRIdrRATOR  ICC  MAKfIRS 


U^:!T  OBJECTIVE 


Aft(^r  rornfjietion  of  this  unit,  tlie  sturl^MU  s!ioiilcl  l)e  able  to  match  terms  associated  vvitli 
dor^iestic  ref n(]era tor  ire  nwikers,  ujenttfy  three  tvf)es  of  ice  makers,  wirioc]  dia(jrams,  ice 
Htal^er  parts,  and  nuiu.fi  ic(^  f  laker  n'oSieins  to  ciuicks  jnd  remedies  Tlie  student  should 
also  he  able  to  discuss  the  o[ aeration  f^f  ice  mak^TS  afid  rei)air  ice  n  '\ers  This  !'novv!edqe 
a-ili  r)e  evtrlefKer!  t^'.rouq'^  denronstration  anrj  [)v  scormy  eight/  five  percent  on  t^tt'  unit 

tL'St 


SPECIFIC  OBJECTIVES 

^ter  completion  of  this  unit,  tiie  student     louid  be  ab'e  tc 

1  *Vatc[^  terms  associated  wit*n  domestic  refrigerator  !:,e  makers  to  trie  cor rect 
definitions  or  descriptions 

2  identity  three  tvf)es  of  ice  maKers 

3  Iflentifv  {Uf'  pactorial  anr^  schematic  o/iring  riiaqram^  for  eacii  of  th.e  three 
.  types  of  ice  r^iakers 

^         Dtsc'ib.  tf^e  operation  oi  tl^e  c.escent  shaperj  cube  !C^_^  m:<U'" 

b         Idetit.'y  the  parts  o^  a  '"resffMTt  shape, 'd  ruoe  ic<^'  makf^r 

G         ^'atci^  the  [irriblefriS  of  t'^c  crescent  sSii'ped  cui^r^  ire  n^.jke''      t^^-.'  rh^M  ks 
ard  ri'mefJ'es 

7         D)b(.Liss  thr  o[)''M:ion  of  the  five  cavity  ice  i^.ak^ 
'"^         idf'titif/  iiir  {'cirts  of  the  fivf'  cavity  ^r;^  m.ii^e' 

.  \\irr.>)  the  pioble'  :   ^'  tfu^  five  cavity  i'^'''  'I'aker  to  tlie  (.nrfff  i  \  f"r'>^^^^\"[^ 

or  chirks 

^0         [)''>m)nt  t!  «    oF)f'rarK)n  (;f  t'lc  flex  tray  Kt  'Ji.'ikrr 

11  '  '.itf  ' '  [  )rf  )[ae'M'>  of  th*  ■  i\(}y   tray  ira'  i  v  i '  '  r  t  f  >  !  h"  (  ' r  <    i  rft  '"di  "> 
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13.        DeniOMStr  ^te  t'^**  t»bilit>  to 

ci  ipstdii  o  n^friqeidtor  oc-'iipped  with  an  ice  rnjker 

b.  D»snssernl)le  cu»d  ciean  d  water  fill  vdlv^? 

c  f{e{^!nce  tlv.Tmosta'  in  a  crescent  shaped  cul)e  ice  mak.  r.  • 

(i  Replace  mold  seal,  bearing,  dnd  retainer  in  a  five  cavity  ice  maker 

c  Adjust  water  valve  sv^itch  in  a  flex  tray  ice  maker. 

f  Re[)lan'  mold  lujter  in  a  crescent  shaped  cube  ice  maker. 
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DOMESTIC  REFfMGERATOR  ICE  MAKERS 
UNIT  VI 


SUGGESTED  ACTIVITIES 


Instructor 

A  Provi(je  student  w^Xh  objective  sheet. 

B.  Provide  student  witfi  information  and  job  sheets 

r  tr:insparencies 

D  Dtscuss  unit  and  specific  objectives. 

L  Discuss  information  sheets. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets 

G  Ohtdin  ice  makers  for  demonstration  and  practice 

H  ^.'ake  test  cords  for  operatmg  ice  makers. 

!  Give  test 

Stuc^ent 

-\  Read  objective  she«^t 

R  Study  information  siieets 

C  Cofi.,/'  te  job  rJ  *^ets 

D  fjke  ns: 


i\STRUCTiO:\AL  MATEP^LJ. 


t 


1  h 


?    \j'J  \ri\    UM(|r,!rM^    Cu"><  ''H' 


0 


1G8  f 
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3         IM  3  K^Jinni]  [)i(nrjf^.s  Fiv'.'  Cavi'\   Iff'  l^'aher 

r,  i^'l       tr». -(t'Mt  Stupt'ti  Cui)t*  Ict^  Maker 

7         T:;  7  C^jSL'-ru  5hj|irn  Cube  ire  'Oakur  (Cor'tir  uerli 

TM  P  Cf(-3LfnL  S'\i;)t'f!  Cube  Ice  MjKe^  (Cof^t.iuu^fO 

0         T'l  9  CM'SCfM^t  Sluii)'Ml  Cubf  Ice  Mdknr  iContinucnli 

](;         T''  10  Crosf.CiU  Sfu3p:.Hi  Cube  lct>  Mdker  (ContiPt.^Ml- 

'I  F\'5  ]]   u^'.r^y^l  SiKiP^^fi  CutJtj  Ire  M.ikM   iCor-ffuiec! ' 

•?         r-^  1?  Ci'sce-  !  ::,'jwe'!  Cube  ice  Mjker  (Conl.:\jeci ^ 

i"^^  13  P.r^s       thi   Crexent  3'ui[iecj  Cube  ite 

71  14  r^.f-,  .-f         Five  Cdvity  ic^'  Mak^M 

1  k  :j  '.r.ft  ::1   kistjil  j  H of n fiu'ci tor  EijUipperi  witk.  cHi  U^e  r>J:iM'^ 


if  e 


S  .  u    r  r,  '  <'  •    ^  ^'ji'i   f  kM{(  r    1  ^ 


■  .X 
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1  .Kj^-^  iA7iO\ 


>■  ^  ^  '-ijl*   !^^n(.P  sivipcci  Oi^jOCt 

, 'i'.  ivirr  or  s\  jtc  arf'^ 


Ml*  t.i! 
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\ 


W      \  '~'.;uj  {.<i[M    K  ^(i.jifi..  hoidiMf}  switch.  t(j  (unnuiMy  c!f)'=;ed  [)t)S''if>ii 


{'"Or^  If  IM(  [CP  t^m  IS  full,  prevt'ntii'q  tliK- s!iut  off  cirf:^  to  lower,  the 
',hut'f)(f  .^\y\\i'  not  return  to  tfie  r^ofnicillv  oppfi  ()OSilf6i;  .irifl  tindther 

(  yclr  ^\'!!!  r"()t  \)VJ]\n  )  ^ 

V     Pjfts  nf  A  {.rtsft'tit  \h.iOt^rl  rube  ice  indk^l^df jnspcirency  13) 

A      r  f'ofit  cover  ,    ^     ^ ,  ^ 

B  i.'uidiinfj  ;)'r,i!r>  '     ^  ' 

I' 

C  'Ic^tof  V  '  * 

0  Ov.ih^r  vdlve  sv;iteh  '  ' 

E  HoldirKj  switch  ,  ^  ,        ^  * 

F.  Ti'^iruj  CcV^^  '  .     ^         '        ,      /    - ' 

G  TMerf^^/jstu  cicifnp 


ERIC 


J       c^h. M  ( >* f  a' i"^^  bnri'Uj 

K      Siipiiort  * 

L      Shut  riff  switch 


\-Mh|  hCnUM 


O 

i 


17?  F 


]         Lo>      ^intO''  -p;^  to  lowest  positioti 

9  .  *^^'^^  V  to   ice  HUlkef 

3         C^\jc^k  ifL^        to'^inrr Jture,  shoiikl  be  1J  .    or  less 


!^  r^^otor   ains  jfter  fiKiMUd!  stirt,  check 

OTt,  IVmuo  fuiMon  continuity  chocks,  be  sure  ice  irijker  ;s 
i  ot^ner^-^'j  f''Orn  source  ) 

t>  Contin'^'^v   "C"  to  "NC"  of  hoUlinq  switcli 

t 

i  Fb    f  jecrrrf  t)Kirk^  snoulci  b\2  m  the  starting  positu-n  whm 

I 

'.    V  Co.itiftwilv  "C"  i'i  ",N0"  on  shut  off  switch. 

'     (1  OfuM.^i'fiP  of  ii'Otor  with  te:t  cord 

I  ' 

t-  tM   *'.;'k>  t( '  conM>!i»t^'  ^  v(  'e 

Ir'eciof  h)j(i'^^  -.rr.piuHi  .it  10  oV  ioi  h  pns'itton 
J       iju't,k  'io{(i'''M  switch 
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i\POn^lAT!n\  SHEtT 
(       Scou'c     :r,'0  rominh'itv  Ijetwe^^n  "C"  diui  "  \'0" 

2  'Eif\,tor  [)i.uit'S  stojiped       12  o'ckkk  uoDitiOf^ 

u        L  icuk   S'  ,Ut  off  S.Utch 

Siu)u!il  have  contifUiitv   i^etvveen  "C"  anri  "^"C"      ^  ^ 
c       Ropljico  if  open 

3  Eje^toi  [i!(i(jes  stooped  at  4  ociock  positto 
J       CfifH^K'  'MMtfM  a  .li  MierniOb\^t  for '"cofUinuity 
b      Pppl.^ce  .  -J  oj)ef^  comf^ionefU 

{^QTE  If  tiie  ejector^ades  wiM  net  stop  at  end  o^'  cycle  the 
iToidm*-]  s^vnch  IS  defectr^  * 

C      Unilers'zed  ice  cui^es 

1  Ciiocl^  Miold  for  level 

2  Chee'   screen-      >A\Uf^r  vdive 

3  Adjust  v\caer  vjK'^^  svvitcii  . 

/ 

4  Cln}ck  [)ond  beroyeen  tlierniosUit  dfid  n^|)ld 

«» 

5  ^^.iCcL  for  coirosion  at  saelcHc  valve 
D      vVjtvr  spiMs  ffCfi!  nioU! 

1  Cneck  '^uild  for  ievel 

2  Clieci'  -for  leak  oetvyeefi  fil!  tubtr  and  ^vater  inlet 

L         Check   \-d[{'r  v<)ive  for  leaktno  ^^ater  througlT  valve  when  iiut 
<^'^en;  zed 

4         Acijiist  water  s  '^tc^' 

E      ^Vatei  fails  tn  enter  niuid 

,        ^       I  CliLCK  free/(T  lueiptTature 

2         O-'OiA'  \witer  supf)!v  co'nponents 

J         Chec!<  U\\  tub^^  for  ice  hioc^kaqi; 

a       C!^e(,i'   'w'ater  valve  fur  seep.jjt^ 


/ 

/ 
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^^i^ORMATiO^*  SHEF  T 

1)      Cs^'^cl'   ^lil  tube  ^^f'dtcf  ior  cuntinuily 

t"^'{JTr     \ot        rh'^rtcjercitors^  jre  equpn^l  .vitii  fill  tuiie 

4  C'^^'(     'A.citei  soI'M^oifl  tor  rorir"v;itY 

5  Wifi,   tiv-  {jl'ifi'jer   (  ut  on  ttir  vvatei  valve  smirch,  check  for 
(  (K.tif^i.it/  i)"t\^^'rn  "C    cUhI  "\C" 

VII      0;)^rjl(j'^  oi  U'V  fiv^'  rjvtt/  ire  nuke? 

A      Vv'  r^'f  '^'^t^^f  s  ice  'M.j^  (.T 

0      i(^e  r^i-r\   "^ftMrst.-t  (  h^S'iS  at  16  F 
*D      Leaf  su"\ ■)  con^uts  d'e  oper^  iJiirinn  free/nu]  (Fiqure  I) 


FICDRF  1 


.'T^ 
ii 


1 


> 


T!;(-ri  lostdt  i  Idsimi  complrtes  ciicuit  to  motor  and  mold  htvil(;i 
''lotor  i.t-ill.  until  t.v  u.f  IS  loos(;n(,d  by  the  ho.iter 


0  I  ■- 
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INFOR^IATION  SHEET^ 


G.    Cam  rotates  closing  leaf  switch  -1  {Figure  2) 

(NOTE  The  closing  of  switch  -1  bypasses  the  tliermostat  and  the  motor 
operates  regardless  of  the  »"osition  of  the  thermostat.) 


n  r 


FIGURE  2 


Cubes  are  swept  into  tiie  bin  by  the  rake  assembly 


J.     Cam  rotates  closing  leaf  switch  ^2  (Figure  3) 


n  n  n 


FIGURE  3 
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INFORMATION  SHEET 


K.     After  ci|)i)roxiincitelv  six  seconds  svvitcii  ^2  opens  (Figure  4) 

p  n 

FIGURE  4 


L     The  actuator  ieaf  falls  into  open  area  on  the  cam  terminating  the  cycle 
(Fiqure  5) 


FIGURE  5 


E  )E  jC  ] 


VIM.    Parts  of  the  five  cavity  ice  maker  ITransparencv  14) 

A.  Mechanism  cover 

B  Pov^/er  cord  ^ 

C.  Test  rcceptacl^^is 

.D.  Terminal  shlelt^ 

E  Foelf'r  arm 

r  Mold  slueld 

G  Fill  cu[) 
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INFORMATION  SHEgT 


1 


H. 

Rakf^  link  arm 

1 

Rake  spring 

J 

Rake  interlock 

K 

Rake  [)ivot 

L 

Rake  assembly 

M. 

Ejection  pad 

N. 

Mold  bracket 

0. 

Seal  assembly 

P. 

Mold  assembly 

0. 

Qperatmg  thermostat 

R. 

y 

On  Off  lever 

s  • 

Plate 

T. 

Thermostat  clip 

U. 

Actuator  rod 

V 

Actuator  assembly 

vv. 

Actuator  spring 

X. 

Rake  fulcrum 

Y. 

Feeler  arm  s\A/itch 

Z. 

Leaf  switch 

AA.  Switch  insulator 

BB. 

Motor  assembly 

CC. 

Pivot  ^^prin^g 

DD. 

Pivot  stud 

FE. 

Feeler  arm  aad  rake 

FF. 

Cam  assembly 

GG 

Rod  rake  connector 

o  G73 
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\\        Show  i  do  f  SLTVAV 

iJ  Moki  ;  '^tf'< 
KK  EieLtor  j-nj 
LL    Fifneci  flu(  t 

!X     Fivt^  (\'ivit\  ic^j  nuiK'f  [jiohi^'fvs,  checks,  jn*-!  rcfi^edies 
A      L\()t  nij*^iriq  'CO 

1  No  source  voltagr  to  ice  maker 

2  Mjnual  sv.'ilcii  turneci  off 

3  Ciicck  ^or  ciclP{|UJte  \v?Xer  5Uf)fjiv 
^1  Feeler  drri'*  not  down 

5  Fpc'lm  (irn^  bwitcli  defective  or  out  of  adjustment 

G  Sjfetv   tiuMniostnt  open 

/  •  Ojieraiinq  theffiiostat  open  -check  freezer  temperature 

8  I  ejf  s/yftch  hroken  or  out  of  adjustment 

9  ^    Defective  .vjter  valve  solenoid 
10  Oofec  tiv^  rnrjlor 

*         R  tf)r;  iniich  ice  ^ 

1  Feeler  «irin  broken 

Feeler  ,nm  ^.vvitc!)  riefcctive  or  out  of  tidjustrnf/nt 

C      W.itt^r  ou'ffilis 

?         C\\\v'\  nut  e|ectinij  profiefly 
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INFORMATIOM  SHLET 
•'t 


4 

Fill  tube  out  of  place 

5. 

Leaking  ejector  rod  seal 

6 

Ice  maker  not  level 

7. 

Thermostat  stuck  closed 

8. 

Leaf  switch  contacts  stuck  closed 

D. 

Will  not  eject  cuoes 

1 

Stuck  ejector  rod 

2. 

Broken  shoulder  screw 

3. 

Broken  .ake  asse«Qjbly 

E. 

Wil^  not  fill  with  water 

1. 

D  Jective  water  valve  solenoid 

2. 

Bent  leaf  switch 

3. 

Restricted  water  supply 

4. 

Plugged  water  valve  screen 

5. 

Ice  m  fill  tube 

.6. 

Loose  or  broken  wire 

F. 

Cubt;:. 

too  small 

1. 

Water  fill  time  to  short 

2. 

Low  water  -pressure 

3. 

Partially  restricted  water  valve  screen 

4 

Check  for  coriosion  at  saddle  valve 

Operation 

of  the  flex  tray  ice  maker  . 

A. 

Water 

enters  ice  tray 

B 

Water 

freezes  in  fay 

C.  ice  maker  thermostat  closes  at  T5°F 

D.  Thermostat  moves  a  lever  arm  which  actuates  mptor 


iNFORMATlON  SHEET 

E      ^•oto^  starts  Uirnirnj^  qear  meciidnism 

F.     Sensor  drm  finovp^  (.\o\vn  into  cube  storage  bin 

(NOTE  '  If  the  stofdqe  bin  )S  full  tiie  cycle  wHI  stop,  if  the  storage  bin 
15  not  full  tfu"  cirni  wilf  return  to  its  ongit     position  and  the  cycle  will 

continue  ) 

G     Culx?  Uay  beqins  to  rotate 

H      At  af)f^roxinnnLe!v  180  degrees  one  corner  of  the  Iray  contacts  a  stop 
I      SfMtt  continues  to  turn  twisting  the  tray 
J      Iray  stof)  'S  retracted 

K     Tray  is  rapidiy  released  from  its  twisted  position  shaking  the  cubes  into 
the  storage  bin 

L      Tray  contif    s.to  turn  until  it  has  completed  a  36C  degree  revolurion 

M     Water  filf  s   .tcfi  is  energized 

Flex  tray  ice  maker  problems,  checks,  and  remedies 

A      Ice  maker  will  not  start 

1.        Check  freezer  temf)erature,  should  be  IB'^F  or  less 

2  Check  f)osition  of  sensor  arm 

3  Defective  scnsiilg  element 

4  Defective  motor  control  switch 

5  Check  winnq  t^nd  connector  plug 
B      Cubes  stuck  together  in  storage  bin 

<^  1         F^e/er  temperature  control  set  to  high 

2  Defective  sensing  element  * 

3  Broken  sensing  clement  spring 

A         Broken  spring  on  motor  JAVitch  actuator 
C.     Water  spil's  from  mold 

1         Check  mold  for  level 

?         Check  ()la(emeru  of  water  fill  tube 
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3.        Check  for  ieaky  water  valve 

4  Adjust  water  fill  switch 

5  Cubes  not  being  ejected 
D     Water  fails  to  enter  ice  tray 

1  Check  fpr  restriction  in  water  line  and  valve  filter-scree^/^ 

2  Check  for  ice  in  fill  tube 

3.  Check  water  valve  solenoid  for  opan  circuit 

4.  ChQCk  v'/ater  valve  switch 

5        Check  wiring  and  connector  plug 
E.     Makes  too  much  ice 

1.       Check  actuator  sensor  arm 

2      '  Check  for  p.n  of  switch  actuatar  to  be  m  groove  of  final  stage 
Vming  gear 

■  F.     Undersized  ice  cubes^-  - 

1.  Check  niol\l  for  level 

2        Check 'for*  restrictions  in  water  supply 

■  \ 

3.       Adiust  water  fill  switch 

\ 

'       4.       Check  for  corroSjon  at  saddle  valve 
XII.    Water  valves  and  components  (Transparency  15) 

A.  Saddle  valve  ^ 

\ 

(NOTE*  The  saddle  valve'  is  or\  the  supply  water  line.) 

\ 

B.  Fill  valve  *  \ 

\ 

1         Filter  screen 

2.  Flov^  washer 

3.  Solenoid  coiJ 
4        Valve  body  - 

\ 
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Wiring  Diagrams 
Crescent  Shaped  Cube  Ice  Maker 


^  Piccoria! 


Mounting  Plate 


Mold  Support 


Blue 


Mold  Heater 
Thermostat 


Receptacle  (To  Cabinet  Wuing) 


Schematic 

115  Volts  , 
Thernnostgt,   60  CyAe 

.       y — ^  * 

Shut-Off  Switch  ^-""'Lr^''  1  Mold  Heater 


Water  Solenoid  Switch 


Water  Solenoid' 


1  ^^=L_^^ 


r 


Motor 


Holding  Switch 


o 

ACR  II  •  187E 


Wiring  Diagrams 
Five  Cavity  Ice  Maker 


Brown 


Pictorial 


V 


Brown 

Safety  Thermostat 

* 

Operating  Thermostat 

*■ 

Leaf  Switch 


Orange 

To  Motor 
White 


(Black) 
Test  Receptaclf>5 


Mold  Heater 


Schematic 


Brown 


White  \^ 


Orange 


Brown 


.  Safety 
Thermostat 

Black 


#  1  Switch  ^ 


#  2  Switch 


r  —  


Feeleij  Arm 
Switch 


'    Bliie  ; 


+■ 


Operating 
Thermostat 

White  . 


130a 


Motor 


S.  T.  Test 
Receptacle 


O.  T.  Test 
Receptaclp 


55^ 
Mold  Heater 
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Wiring  Diagrams 
Flex  Tray  Ice  Maker 


Pictora! 


Water  Valve  Switch 


!      L- J 


Motor 


Motor  Switch 


Red 


A  Black 


I 


[Black 

Ground  To  Motor 
9    Mounting  Plate 


Red 
White 


Green 


Receptacle  (To  Cabinet  Wiring) 


Schematic 


Receptacle  (To  Cabinet  Wiring) 
Green 


i|L  f   fJ  White} 


'        3  I 


Water  Valve  Switch 


Red 


lotor  Switch 


•Motor 


Black 
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Crescent  Shaped  Cube  Ice  Maker 


Cirfcuit  At  Start  Of  Ejection  Cycle 


TM  5 


ERIC 
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Crescent  Shaped  Cube  Ice  Maker 


(Continued) 


Shut-Off  Sw  tch ' 


Water  Solenoid  Switch- 


Water  Solenoid" 


115  Volts 
60  Cycle 

Thermostat 


Motor 


Holding  Switch 


7 


"Mold  Heater 


Circuit  After  Holding  Switch  Is  Contacted  By  Cam 
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Crescent  Shaped  Cube  Ice  Maker 

(Continued} 


Moid  Heatieir 


Circuit  When  Ejector  Blades  Contact  Ice 
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Crescent  Shaped  Cube  Ice  Maker 

(Continued) 


Shut-Off  Switch 


Water  Solenoid  Switch 


Water  Solenoid 


Mold  Heater 


Holding  Switch 


Circuit  When  Cam  Closes  Water  Valve  Switch 


6SV 


TM  8 
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Crescent  Shaped  Cube  Ice  Maker 

(Continued) 


Mold  Heater 


Circuit  At  End  Of  First  Revolution 


ACR  II  -  201-E 

r 


• 


Crescent  Shaped  Cube  Ice  Maker 

(Continued) 


ERIC 


Shut-Off  Switch' 


Water  Solenoid  Switch 


Water  Sofenoid 


115  Volts 
60  Cycle 


Motor 


'Mold  Heater 


Holdina  Switch       ^(\  /^l:^  ^ 


Circuit  At  Start  Of  Second  Revoli  tion 


# 


TM  10 


ACR  II 

Crescent  Shaped  Cube  Ice  Maker 

(Continued) 


Shut-Off  Switch 


Water  Solenoid  Switch 


Water  Solenoid 


Mold  Heater 


Holding  Switch 


Circuit  When  Thermostat  Opens 
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1  1 

Crescent  $haped  Cube  Ice  Maker 


(Continued^ 


Shut-Off  Switch 


Water  Solenoid  Switch 


Water  Sofenoid  -r 


Mold  Heater 


Holding  Switch 


Water 


Circuit  During  Water  Fill 


69 
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Parts  Of  The  Crescent  Shape  Cube  Ice  Maker 


Shut-Off  Arm 


Mold 


69', 


Lever  Arm 
Shut-Off  Arm  Spring 


Mounting  Plate 


Mold  Heater 


mos*at     4  ^ 
Thermostat  Clamp  ' 
Holding  Switch 


Front  Cover 
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The  Five  CavH^  Ice  Maker 


Rake  Spring 


Fill  Cup 


Feeler  Arm, 


P.n  ^^^^ 

'nterlock 


Retainer 
Rake  Link  Arm 
Ejection  Pad 

Mold  Bracket  — . 


Terminal  Shield 


Test  Receptacle 


Rake  Pivot 
"*Rake  Asm. 


Mold  Shield 
On/Off  Lever 


Pad  Screw     Pin      ,  .        ^  „  . 

//  Plate    Actuator  Rod 

/  /      /  Actuator  Asm 

X              r  //^  ^-♦-Feeler  Arm 

rO"  R.ng^  0^  Switch  ^ 

[y^'  t^  L  VActuator 

^   1'*^^^            '        ^1*  flsU*"*^ Spring 


\  ^      Power  Cord 


Operating 
Thermostat 


/\  ^\J^^*^*^^  Fulcrurn  W 


Leaf  Switch 
Spacer 


mostat  ^ 
Motor  Mtg 

Safety  Thermostat-J 

^1  Ql-----^^^^ 


Rod-Rake  Connector 


Finned  Duct  ^ 
Ejector  Lever  Arm 


Mechanism 
Cover 


Motor  Asm. 


Pivot  Spring 
Pivdt  Stud 


Feeler  Arm  And  Rake  Lever 

Cam  Asm. 
Shoulder  Screw 
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Water  Valves  And  Components 


Fill  Valve 


Solenoid 


»Flow  Washer  . 


Filter  Screen 


] — Fill  Valve  Body 


Guide 


Armature 


Diaphragm 


Saddle 
Valve 
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DOMESTIC  REFRIGERATOR  ICE  MAKERS 
UNIT  VI 


JOB  SHEET  ^1-  INSTML  A  REFRIGERATOR  EQUJfPED  WITH  AN  ICE  MAKER 

I.  Tools  and  materials 

A.  Refrigerator  equipped  with  an  ice  maker 

>  B  Rrll  of  1/4"  o,d  copper  tubing 

C.  Water  line  saddle  valve  ^  '  /' 

D,  Two  open  end  wrenches  -  .     'N  , 
'E.  3/8"  drill  motor 

F.  5/32"  and  3/8"  drill  bit 

G.  Standard  slot  type  screwdriver 

H.  Slip  grobve  pliers  / 

I.  Tubing  cutter 

II.  Procedure  "  '  .  '  . 

A.  Place  refrigerator  in  proper  location 

B.  Level  ice  maker 

C.  Locate  cold  water  supply  line 

(NOTE:  This  line  is  often  most  accessible  underneath  the  kitchen  sink.) 

D.  Shut  off  water 

E.  Open  a  faucet  to  drain  water  line 

F.  Drill  a  5/32"  hole  in  water  line 

(NOTE:  Some  saddle  valves  are  self-tapping  when  placed  on  a  copper  water 
line.) 
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Place  saddle  valve  on  water  line  (Figure  1) 


FIGURE  1 


Gasket 


Saddle  Valve 


Supply  Water  Line 


Cor.jpressipn  Sleeve 


Compression  Nut 


Be  sure  that  the  inlet  of  valve  is  securely  in  hole  in  water  liae 

Check  to  see  that  the  gasket  is  in  place 

Measure  distance  from  water  supply  to  water  fill  valve 

Add  an  additional  four  feet  of  tubing  to  be  looped  behind  the  refrigerator 

(NOTE:  If  the  tubing  is  to  be  run  through  the  bottom  of  the  kitchen 
cabinets  drill  a  3/8"  hole  for  the  tubing  to  go  through.) 

Connect  tubing  to  saddle  valve 

Make  three  or  four  loops  in  tubing  behind  refrigerator  (Figure  2) 


(NOTE  The  loops  in  the  tubing  allow  the  refrigerator  to  be  moved  out 
for  cleaning  or  repair.)  ' 


Rubber  Spacers 


FIGURE.  2 


Ice  Maker  Vt/ater  Fill  Valve 


ACH  II 


JOB  SHECT  it^ 

N.  Cloy:  vdlvcj  storn  on  ScJddlc  valvri 

0  Turn  on  rntiin  Wtjtcir  su[)ply 

P  Close  ftjucot  tlitJt  wiis  operuHl  to  drjij,)  w^JtLT  iirui 

Q  PIfiUi  a  crjritc'jinrjr  at  tlifi  cjnd  of  tin.'  Wdtor  lin<.' 

R  O[)0n  vdh/o  btenn  or.  Stjd(Jlo 

S  Allow  d  snidll  drnount  of  wnter  to  run  tlirouqfi  tho  \\\\(t  to  flush  it 

T.  Closo  ^/t'jlvo  str^rri  on  t,tKJ(ile  volvc 

U  Rcirnove  any  panels  that  may  bv.  nocussary  to  qain  rjntrancr,'  to -Wdtr^r 
v^jIvo 

v.  C<i'inect  water  linfj  to  ftli  valve 

W  Turn  on  sacJdIe  valve 

X  Check  for  water  leaks 

Y  Replace  any  panels  tfiat  were  removed 

Z.  Have  instructor  check  fnstallation 

AA  Clean  ufj  and  put  away  tools  and  materials  , 
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DOMESTIC  REFRIGERATOR  ICE  MAKERS 
UNIT  VI 

JOB  SHEET  #2 -DISASSEMBLE  AND  CLEAN  A  WATER  FILL  VALVE 

r 

I.    Tools  and  materials 

A.  Fill  valve 

B.  Phillips  screwdriver 

C.  Standard  slot  type  screwdriver 
D     Pocket  screwdriver 

II.  Procedure 

A.     Use  a  pocket  screwdriver  to  remove  filter  screen  and  flow  washer 
B      Remove  solenoid 

C.  Renrove  plate  from  top  of  valve 

D.  Remove  guide,  spring,  armature  and  diaphragm 

(NOTE:  The  diaphragm  may  be  slightly  stuck  to  the  body  of  the  valve. 
Do  not  use  a  sharp  object  to  pry  loose,  because  this  may  damage  itj 

E.  Wash  the  body,  diaphragm,  armature,  filter  screen  and  flow  washer  under 
running  water 

F.  Hold  the  diaphragm  up  to  the  light  to  be  sure  that  the  two  small  holes 
at  the  sides  of  the  diaphragm  are  clear 

G.  Reassemble  valve 

(CAUTION'  Be  sure  that  the  diaphragm  fits  down  into  the  groove  in  the 
valve  body  If  it  does  not  fit  properly  water  will  flood  the  ice  compartment.) 

H.  Have  instfuctor  check 

(       Clean  up  and  put  away  tools  and  materials 
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DOMESTIC  REfRIGERATOR  ICE  MAKERS 
UNIT  VI 


JOB  SHEET  ^3  REPLACE  THERMOSTAT  IN  A  CRESCENT 
SHAPED  CUBE  ICE  MAKER 


I     Tools  and  materials 

A  ,  Crescent  siiaped  cube  ice  maker 
B     Staidard  slot  type  screwdriver 
C      Phillips  screwdriver 

D.  Side  cutters 

E.  Wiffi  connectors 

F.  Alumilastic 
11,  Procedure 

(NOTE.  Ice  maker  should  be  out  of  the  refrigerator  while  this  procedure  is 
being  dor;e.) 

A.  Remove  front  cover 

B.  Remove  the  screws  that  hold  the  mounting  plate  (Figure  1) 


(NOTE:  There  are  only  three  screws  to  remove  avshown  in  Figure  1.  Do 
not  remove  anything  else  from  the  mounting  plate.) 


Screw  Mounting  Holes 


FIGURE  1 


C      Move  mounting  plate  and  attached  components  out  of  the  way 


Cut  thermostat  wires 


E, 


Remove  screw  from  thermostat  clamp 


F. 


Remove  thormostat 
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JOB  SHEET  -3 


G. 

Clean  off  old  alumilastir  from  ice 

maker  mold 

H. 

Put  alumilastic  on  new  thernnostat 

Place  thermostat  m  position 

J. 

Replace  thermostat  clamp  and  screw 

K. 

Connect  thermostat  wires 

L 

Have  instructor  check 

M. 

Replace  mounting' f)late 

N. 

Replace  front  cover 

0. 

Clean  up  and  put  away  tools  and 

materials 
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DOMESTIC  REFRIGERATOR  ICE  MAKERS 
UNIT  VI 


JOB  SHEET  ^^4 -REPLACE  MOLD  SEAL,  BEARING, 
AND  RETAINER  IN  FIVE  CAVITY  ICE  MAKER 


Tools  and  materials 

A.  Five  cavity  ice  maker 

B.  Seal  remover  (Robinair  #14368) 

C.  Retainer  washer  instaHaticn  tool  (Robmair  ^14173) 

D.  Standard  slot  type  screwdriver 

E.  PliiHips  screwdriver  ^ 
F      Seal  assembly 

G.  Retainer  remover 

H.  Silicon  lubricant 

I.  9/16"  box  end  wronch 
J.   '  1/4"  nutdriver 
Procedure 

(NOTE.  Ice  maker  should  be  removed  from  the  refrigerator  when  this  procedure 
IS  being  performed,) 

A.  Remove  mechanism  cover 

(NOTE.  This  cover  is  held  on  with  two  plastic  plugs,  one  at  the  tpp  and 
one  at  the  bottom.) 

B.  Remove  terminal  shield  - 

C.  Remove  ejection  pad  screw 

D.  Rotate  cam  until  the  shoulder  screw  is  at  the  12  o'clock  position 

E.  Remove  shoulder  screw 

F.  Remove  pivot  stud 

G.  Remove  ejector  lever  arm  from  ejector  rod 

H.  Remove  ejection  pad 


Slide  ejector  rod  out  of  the  bottom  of  the  mold 


JOB  SHEET  #4 


J.     Remove  metal  retainer  washer  from  mold 

(NOTE  In  order  to  remove  this  washer  without  damaging  the  mold,  a 
special  tool  is  needed  which  is  available  from  Rcbinair  #14368) 

K.     Remove  bearing  and  seal 

L.     Clean  the  recess  in  the  mold  and  inspect 

M     Apply  a  small  amount  of  silicon  lubricant  to  bearing  and  seal  recesses 

N.     Apply  a  small  amount  of  silicon  lubricant  to  shaft  hole  in  mold,  new  bearing, 
seal  and  the  shaft  of  the  installation  tool 

0.    Place  retainer  wasiier,  bearing,  and  seal  on  installer 

(NOTE  The  retainer  washer  should  be-  placed  on  the  installer  witfi  the 
"crowned"  side  against  the  shoulder  of  the  tool.) 

P      Insert  tool  in  mold  and  position  the  retainer  washer  in  mold  recess 

Q     Place  thrust  washer,  thrust  beanng  and  hex  nut  on  installation  tool  (Figure 


1) 


Retainer  Washer  Installation  Tool 


FIGURE  1 


Hex  Nut 


R.     Seat  retainer  t)y  '.qfitcnmg  fiex  nut 
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JOB  SHEET  ^4 

S  Remove  installer  and  inspect  retainer  washer 

(NOTE'  If  the  reta.ner  is  properly  seated  the  wasf^er  will  be  flattened.) 

T.  Inspect  ejector  rod  for  rough  spots 

U  Install  a  new  bearing  on  ejector  rod 

V.  Place  a  small  amount  of  silicor,  lubricant  on  ejector  rod 

W  Insert  ejector  rod  from  bottom  of  m.old 

X.  Put  ejector  rod  all  of  the  way  down 

Y.  Place  ejector  pad  in  bottom  of  mold 

Z.  Check  clearance  between  pad  and  side  of  mold 

(NOTE:  If  the  pad  touches  the  side  of  the  mold,  remove  the  pad,  rotate 
'   it  180''  and  place  it  back  in  the  bottom  of  mold  and  check  ror  fit.) 

AA.  Tighten  screw  in  the  center  of  the  pad 

BB.  Move  rod  up  and  down  to  check  that  pad  doesn't  bind  on  mold 

CC.  Insert  tjector  lever  in  slot  of  ejector  rod 

DD.  Replace  pivot  stud 

EE.  Replace  shoulder  screw 

FF.  Replace  terminal  shield 

GG.  Replace  mechanism  cover 

HH.  Fill  mold  with  water  and  check  for  leaks  around  ejector  rod 

II.  Have  instructor  check 

JJ  Clean  up  and  put  away  tools  an^i  materials 
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DOMESTIC  REFRIGERATOR  ICE  ^ylAKERS 
UNIT  VI 

JOB  SHEET        ADJUST  WATER  VALVE  SWITCH  fN  A  FLEX  TRAY  ICE  MAKER 

I     Tools  and  materials 

V 

A     Ftpx  tray  ice  maker  m  rntriqerator 
B      Standard  slot  type  scrpwdnver 

C      Container  graduated  m  CC's,  such  as  baby  bottle  or  medicme  bottle 
l(  Procedure 

A,     Manually  start  ice  makinq  cycle  (Figure  1) 
1.        Push  iray  lock  lever  towards  tray 

2  Turn  tray  clockwise  until  gears  engage 

3  Cycle  will  continue  once  started 


Switch  Actuator  Must  Be  Down  Push  Toward  Tray  Shaft  To  Unlock  Tray 
For  ^^otor  To  Of^erate 

B  Hnifj  thn  rontcnnpr  unrier  fill  S[)out 

C  Cdtch  the  watm  as  it  is  disornsnd  towards  the  end  of  tfip  cycio 

D  Check  container,  it  should  havo  200  cc's  of  water  in  it 

E  Remove  ()lu(]  on  rujht  hancj  stdo  of  ice  maker 

F  jnsf^t  sf:rewcjriv(M  into  adjustinfj  screw  slot 

796 


JOB  SHEET 


Turn  acljustiru)  scrrw  one  c()nT|)letf^  revolution  chanqes  the  water  sur)piv 
20  cc's  (Fiqure  ?\  - 

1  Clockwise  dpcroasf's 

2  Counter  clorkwise  increases 


FIGURE  2 


Decrease 
lncre;?se 

Tray  Stop 

Water  Fill  Adjustment  Screw 


Tray  Release 


Switch  Actuator 
Have  instructor  check 

Clean        and  put  away  tools  and  materials 
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DOMESTIC  REFRIGERATOR  ICE  MAKERS 
UNIT  VI 


JOB  SHEET  ^6  REPLACE  MOLD  HEATER  AN  A  CRESCENT 
SHAPED  CUBE  ICE  MAKER 


J     Tools  arid  materials 

A     Crescent  sha()ed  cu[)o  ice  mdker 

B.  Mold  heater 

C.  Standard  slot  type  screwdriver  ; 

D     Phillips  screwdriver  ^ 
.  E,     Side  cutters 
11.  Procedure 

A     Remove  ice  maker  from  refrigerator 

B.     A  'ow  ice  maker  to  warm-up  to  room  temperature  and  then  remove  cover 

(NOtE.  If  th^  ice  maker  is  not  at  room  temperature  some  of  the  plastic 
parts  may  he  damaged  when  attempting  to  remove  them.) 

C  Rpmove  ice  stnpper  from  side  of  mold 

D  Remove  the  three  screws  that  hold  the  mounting  plate 

E  MovpMTiountmq  plate  and  components  out  of  the  way  / 

F,  Remove  thermostat  from  mold 

G.  Cut  mold  heater  wim'S 

H  Remove  the  four  bc^ts  tfiat  hold  the  mold  to  the  support  housmq 

!  Remove  mold  from  support  housing 

(NOTt    Bo  careful  not  to  destroy  the  thermostat  gasket  ) 

J  Pry  thr  old  mold  fieater  out  the  bottom  of  the  mold 

K  ^    V    the  old  alumilastic  from  the  mold  groove 
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liv^ciil  funv  ht^ittM  usintj  retamt't  scr^^vs  (Fujure  1) 

I  NOTE  Rpnijct^^Mtvu  h.\iters  j\v  srciirocJ  with  scrt>vvs  whicli  i(rp  incku^fHl 
with  .the  htvupf  kit  T^^^  hoh'S  for  th>  screws  ar?  drtllpd  there  at  the  factDrv  ) 


FIGURE  1 


Flathead  Retaining  Screws 


M  Clean  old  alumilastic  from  mold  thermostat  recess  anri  from  thermostat 

N  CoiMiect  mold  to  siif)port  housinq 

(NOTF    Be  careful  not  to  damaqe  the  tliermostat  (jacket  y 

0  Put^nevv'  alumilastic  on  thermostat 

P  IfTStali  thefmostat  and  clamp 

0  Connrrt  new  heater  wirc^s 

'R  Re()ia(>7  mountinc]  plate 

S  Tiqhten  m(»untinc|  ;   ^tp  screws 

T.  Replace  ice  stripper 

U  'Have  Histructi  ^  chpck 

V,  Replace  ice  makpr  in  refrMjprator 

W  ^yianua(lv  start  ice  maker  ,nto  cycle 

X  ClPcjn  up  at]d  put  away  tools  ami  fTiatrrials 
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WINDOW  AIR  CONDITIONER  REPAIR 
UNIT  II 


INFORMATION  SHEET  j 

I 

I.  Terms  and  definitions 

A.  E.E.R.  (Energy  Efficiency  Ratio)-Ratio  calculated  by  dividing  the  cooling 
capacity  in  Btu/h  by  the  power  input  in.  watts  at  any  given  set  of  rating 
conditions,  expressed  in  Btu/h  per  watt 

B.  N.E.M.A.  (National  Electrical  Manufacturer's  Association )-Sets  voluntary 
standards  for  motors  and  appliances 

C.  U.L.  (Underwriter's  Laboratorie^l-Tests  air  conditioners  to  see  that  they 
meet  the  electrical  safety  requirements  of  the  American  National  Standard 
for  air  conditioners 

D.  A.H.A,M.  (Association  of  Home  Appliance  Manufacturers)-Certifies  the 
heating  and  cooling  capacity  ratings  and  electrical  inputs  of  all  air 

.  conditioners  bearing  their  seal  »\ 

\ 

II.  Window  air  conditioner  data  plate 

-  i 

A.    Model  nymber^  - 

8.    Serial  number 

C.     Refrigerant  type  and  amount 

D;    F.L.A.  (full  load  amperage) 

E.  LR.A.  (locked  rotor  an.nerage) 

F.  Wattage 

G.  E.E.R. 

H.  N.E.M.A.  and/or  U.L.  aporoval 

I.  Btu/h  capacity  ^  ^ 

111.    Compressor  motor  data  plates  ,  ' 

(NOTE:  Thv.'  information  provided  on  a  compressor  motor  data  plate  will  be 
needed  in  ordering  a  replacemc^nt  compressor  'motof.) 

A.    Location  o1  data  plate 

1.  -     Topi^jof  compressor  motor 

2.  Side  of  compressor  mnor 
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c. 


3.       Mentify  the  pictorial  and  schematic  w.     ^  diagrdms  for  each  of  the  three  types 
of  I'ce  makers. 


Brown 


«  Brown 

^^^'Blue! 
Safetv  Thermostat 

Operatinq  rhermostat 

Leaf  Switch 


Orange 


Shut  Off  Switch 


To  Motor 
White 

Water  Solenoid  Switci 


^      (Black)     vV3t«r  Solenoid 
Test  Recept?-les 
Power  Cord  Plug 


Holding  Switch 


Mold  Heater 


b. 


Receptacle  (To  Cabine;  Wiring) 
Green 


1  rRed 

1  i 


-Water  Valve  Switch 


Motor  Switch 


If   f.,^  White] 


I  -1 


L  


Red 
Black 


-J  V 


Motor 


C. 


Ill 
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Mounting  Plate 


Mold  Support 


Blue 


Mold  Heater 
Thermostat 


Receptacle  (To  CabinetTffTrmg), 


d. 


Brown 


1  Brown 


Safety 
Thermostat 

L  Black 


S.  T  Test 
neceptaclc 


White 


#  1  Switch 


#  2  Switch 


1  ^  ; 
U — # 


Blue 


Feeler  Arm 
Switch 


'Operating 
Thermostat 

White 


0  T.  Test 
Receptaclp 


Orange 


Black 


130a  \ 
175  A  \ 


Motor 
55 /L 

Moid  Heater 


e. 
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Wat(»r  V.tlvo  Switch   1 

-       ^^L,  Motor 

:    i  ; 

P  r  ' 

Black 

Motor  Switch 

^         Black        Ground  To  Motai^  - 
C    Mounting  Plate 

^  ^   i  I 

'  ^  '-"^         — 1  Green  ^ 

Red  -  ^    iMj.  1 

;  White   

Receptacle  »To  Cabinet  Wiring)  " 

f  

4        Dtsp'viss  tHi'  ()[)nr.^ti()ii  0^  thp  crescent  5har)ec^  cube-  ice  maker 
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Identify  the  parts  of  the  crescent  shaped  cube  ice  maker. 


Match  the  problems  of  the  crescent  shaped  cube  ice  m?ker  on  the  left  to  the 
remedy  or  check  on  the  right. 


1)  Ejector  blades  stopped  at 
10  o'clock  position 

a)  Check  holding  switch 

b)  Switch  plunger  depressed 

c)  Should  have  continuity 
between  "C"  and  "NO" 

d)  Replace  switch  it  open 

2)  Ejector  blades  stopped  at 
12  o'clock  position 

a)  Check  shutoff  switch 

b)  Should  have  continuity 
between  "C"  and  "NC" 

c)  Replace  if  open 

3)  Ejector  blades  stopped  at 
4  o'clock  position 

a)  Check  hoater  and  thermostat 
for  cont'-Hiity 

b)  Replace  the  open  component 


1.  Undersized 
ice  cubes 

2        Water  fails 

to  enter  mold 

3.  Ice  maker 
won't  start 

4.  Ice  maker  fails 

to  comolete  cycle 

5.  Water  spills 
from  mold 
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b.     1)  Lower  shut-off  arm  to  lowest 
position 

2)  Cfieck  for  voltayc  to  ico  maker 

3)  Check  freezer  temperature, 
should  be  lO'T  or  less 

4)  Start  motor  riianually 

5)  If  motor  runs  after^-qnanual 
start,  check. 

a)  Thermostat  for  continuity 

b)  ^ntmuity  "C"  to  "NC"  of 
holding  switch 

c)  Continuity  "C"  to  "NO"  on 
,  shut  of f  switch 

d)  Operation  of  motor  with 
test  cc»'d 


c.  1)  Check  mold  for  level 

1)  Check  screen  in  water  valve 

3)  Adjust  water  valve  switch 

4)  Check  bond  between  thermostat 
and  mold 

5)  Check  for  corrosion  at  saddle 
valve 

d.  1)  Check  freezer  temperature 

2)  Check  water  supply  components 

3)  Check  fill  tube  for  ice  blockaqe  ' 

a)  Check  water  valve  for  seepage 

b)  Check  fill  tube  heater 
for  continuity 

4)  Check  water  valve  Solenoid 
for  continuity 

5)  With  the  plunger  out  on  the 
water  valve  switch,  ciiock  for 
continuity  between  "C"  and  NC 

e.  1)  Check  mold  for  level 

2)  Check  for  loak  between  fill 
tube  and  water  inlet 

3)  Check  water  valve  for  leaking 
water  through  valve  when  not 
energize() 

4)  Adjust  Welter  switch 
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7,       Discuss  the  operation  of  the  five  cavity  ice  maker. 
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Match  the  problem  of  the  five  cavity  ice  maker  on  the  left  to  the  remedy  or 
check  on  the  right. 


1 )  Leaky  water  valve 

2)  Cubes  not  ejecting  properly 

3)  Water  fill  time  too  long 

4)  Fill  tube  out  of  place 

5)  Leaking  ejector  rod  seal 
6|  Ice  maker  not  level 

7)  Thermostat  stuck  closed 

8)  Leaf  switch  contacts  stuck 
closed 

1^  Water  fill  time  too  short 


6 
7 

8 

9 
10) 

1 
2 


1 

2) 
3 
4 
5 

6 


Low  water  pressure 
Partially  restricted  water 
valve  screen 
Check  for  corrosion  at 
saddle  valve 

Feeler  arm  broken 

Feeler  arm  switch  defective 

or  out  of  adjustment 

No  source  voltage  to  ice  maker 

Manual  switch  turned  off 

Check  for  adequate  water  supply 

Feeler  arm  not  down 

Feeler  arm  switch  defective  or 

out  of  adjustment 

Safety  thermostat  open 

Operating  thermostat  open  -check 

freezer  temperature 

Leaf  switch  broken  or  out  of 

adjustment 

Defective  water  valve  solenoid 
Defective  motor 

Stuck  ejector  rod 
Broken  shoulder  screw 
Broken  rake  assembly 

Dof6ctive  water  valve  solenoid 
Bent  leaf  switch 
Restricted  water  supply 
Plugged  water  valve  screen 
Ice  in  fill  tube 
Loose  or  broken  wire 


1.  Makes  too 
much  ice 

2.  Will  not 
eject  cubes 

3.  Not  making  ice 

4.  Will  not  fill 
with  water 

5.  Cubes  too  small 

6.  Water  overfills 
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,10.       Discuss  the  operation  of  the  flex  tray  ice  maker. 
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^'11. 


Match  the  problems  of  the  flex  tray  ice  maker  on  the  left  to  the*  remedies  and 
checks  on  the  right.  '  * 


a.     1)  Check  for  restriction  in  water 
hne  and  valve  filter-screen 

2)  Check  for  ice  in  fill  tube 

3)  Check  water  valve  solenoid 
for  open  circuit 

4)  Check  water  valve  switch 

5)  Check  wiring  and  connector 
plug 


c. 


1 

3 
4 


J'  ^ 

2 
3 
4 
5 


e. 


Check  mold  for  level 

Check  for  restrictions  in 

water  supply 

Adjust  water  fill  switch 

Check  for  corrosion  at  saddle 

valve 

Check  mold  for  level 

Check  placement  of  water  fill 

tube 

Check  for  leaky  water  valve 
Adjust  water  fill  switch 
Cubes  not  being  ejected 

Check  actuator  sensor  arm 
Check  for  pin  of  switch  actuator 
to  be  in  groove  of  final  stage 
timing  gear 

Freezer  temperature  control 
set  to  high 

Defective  sensing  elerqent 
Broken  sensing  element  spring 
Broken  spring  on  motor  switch 
actuator 

Check  freezer  temperature; 
should  be  15°F  or  less 
Check  position  of  sensor  arm 
Defective  sensing  element 
Defective  motor  control  switch 
Check  wiring  and  connector  plug 


1.  Water  spills 
from  mold 

2.  Makes  too 
much  ice 

3.  Ice  maker  'Will 
not  start 

4-.- -     Water  fails  to 
or  enter  ice  tray 

5.  Undersized 
ice  cubes 

6.  'Cubes  stuck 
together  in 
storage  bin 


12. 


icntify  the  water  valves  and  components. 


a. 
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h.  

13.      •  Demonstrate  the  ability  to:. 

fl.  In^tail  a  refrigerator  equipped  with       ice  maker. 

r 

b  Disassemble  and  clean  a  water  fill  valve. 

c.  Replace  thermostat  in  a  crescent  shaped  ciTbe  ice  maker. 

-d.  Replace  mold  seal,  bearing,  and  retainer  in  five  cavtty  ice  maker. 

e.  Adjust  water  valve  switch  in  a  flex  tray  ice  maker. 

f.  Replace  mold  heater  in  a  crescent  shaped  cube  ice  maker. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 
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.  2. 


a 

b 

c. 

d. 

e. 

a. 

b. 

c. 

b. 
c. 

cl. 

e 

f. 

a. 

b. 

d. 
e. 
f. 

')• 
h. 


•  DOMESTIC  REFRIG.ERATOR  ICE  MAKERS 
UNIT  VI  . 


.    -ANSWERS  TO  TEST 
*> 

3 
1 

5  .  • 

.4  ■ 
2 

Flex  tray  ice  maker 
Crescent  shaped  cube  ice  maker 
Five  cavity  ice  maker* 
Pictorial,  five  cavity  ice  maker  ' 


Schematic,  crescent  shaped  cube  ice  maker   '  ^  *  • 

t 

Schematic,  flex  tray  ice  maker  < 

Pictorial,  crescent  shaped  cube  ice  maker  ^ 

Schematic,  five  cavity  ice  maker 

Pictorial,  flex  tray  ice  maker 

Water  enters  ice  maker 

Water  freezes  in  mold 

Ice  maker  thermostat  closes  at  18^ 

Circuit  IS  completed  to  motor  and  mold  heater  ' 

Motor  starts,  turning  timing  cam  and  ejector  blades 

Timing  cam  moves  holding  -switch  to  normally  otitjn  position 

Ejector  blades  reach  the  ice  and  apply  pressure 

Timing  cam  raises  and  lowers  the  shut  off  arm  and  switclies  the  shut-off 
switch  to  normally  closed 


\\      Ice  IS  loosened  by  the  mold  heater  and  is  scooped  out  by  ejector  blades 


T;minq  Coin  closos  watpr  valve  switch 
Fit*r  f'^volulion  bruls  vv«th  ice  rrstinq  on  blades 
'Therfnostat  /emams  cioseci  '  •  ^ 

Timinq  earn  actuates  hoUimc)  switch  to  normdily  closed  position 
SeconrJ  revolution  hecjins 

Tim4nq  cam  aqam  .noves  holcimq  svvKch  to  the  normallv      ^n  position 

Shut-6ff  arm  »raises.and  lowers  svv'itching  shut-oH  switch  to  normatty  closed 
po^tiof^    .   ,  ' 

Ire  !s  dumped  into  storaqe  mn     ,  , 

-  -  i 

Ice  maker  thermostat  opens  -BQ^F  ^ 

Moki  heater  is.  disconnected  .  '  ' 

Timmq  cam  closes  water  valve  switdi 
Water  valve  solenoid  is  enerqiied 
Water  enter?  thence  rneker'mold 

Yiminq  cam  actifJls  hoPdmq  switch  to  normalfy  closed  position* 
Front  cover     "  •  .  , 

Mc^untmq  plate 

Motor  *         —7-  —  ^ 

Water  valve  switch 
Holding  switch 
Timing  carfi 
Thermostat  clamp  * 
Thermosla^ 
Lever  arm 

Shut  off  arrp  spring  * 
Suf^P'-^^^ 

Shut  off  switch    s  • 
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m  Gasket 

n  Shut  oft  aim 

o.  Mold  heater' 

p.  Moid 


Ice  stripper 
Watej  inlet 
4 


b.  3 


d  2 
V.  5 

Discussion  should  include' 

a      Water  entp*'s  ice  maker 

I)  '  Water  free/es  m  th^  nu  d 

t      Icf^  maker  thermostat  closes  at  16'F 

d      Leif  switch  conuicts  are  open  during  ^recrinfj 

e      Tl^-r;nustc.t  closing  cnm[)ietes  circuit  to  motor  ancj  mo'd  h^'at^^r 

'       Motor  Stalls  unti;  the  ice  is  loosened  by  tiie  heattM 

']      C^m  rotates  dosinq  leai  ^wKch  ^] 

f)      Cul)es  are  rais^^d  from  the  mtjld 

'^''!/es  are  s^vef)t  into  the  bin  bv  the  Mke  assembh/ 
I       Caf''^  rotates  clnsirxj  'eaf  switch  ^2 
k      Affpr  j|4)roximiit(^iv  six  "ipconds  switch  ^2  opens 

i.      Thf>  actUcitor  Inaf  fads  into  open  an  *he  c^m  termin  itwKi  the  cvJ<^ 
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/. 


Fi;i  run 

Rdkt»  i  nk  cuni 

R  ^  spn'' 

R  ]Im^  lOtPriock 

Rj^-  pt7(;l 

f  ^P'M  jfiMi;  thormostdi 
Op  Of  l-v»  f 


*  M  i  ( 
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bb.  Motor  assembly 

cc.  Pivot  spring 

dd.  Pivot  stud 

ee.  Feeler  :arrn  and  rake  lever, 

;;ff.  Cam  assembly 

gg.  Rod-rakp  connector 

hh.  Ejector  lever  arm 

II.  Shoulder  screw 

jj.  Mold  heater 

kk.  Elector  rod 

II.  Finned  duct 
mm.  Safety  thermostat 

9.       a.  6 

b.  5 
c  1 
d  3 
e  2 
t  4 

10        Discussion  should  include 

3  Water  enters  ice  tray 

I).  Water  freezes  in  trav 

c.  Ice  maker  thermostat  closes  at  iB'T 

d  Thprmostat  moves  a  lever  arm  which  actuates  hiotor  switch 

f\  Motor  starts  turnint]  gear  mechanism 

f.  Sensor  arm  moves  flown  into  cube  storarjc  bin 

cj  Cuhn  tray  begins  to  rotate 

h.  At  ap[)roximatelv  180  degrees  one  corner  of  the  tray  cotitarts  a  stop 
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t.  Sliafi'  continues  to  turn  tvvistinq  the  tray 

j.  Trjy  sxn\)   is  reticKted 

k.  TfCiv      fapidly  releasKl  from  its  twisted  position  shakmc;  the  cubes  into 
the  sioraqo  bin  - 

i.  Trav  contii'iues  to  turn  until  it  has  conif^ietod  a  360  deqree  revolution 

m  Water  till  switch  is  energized 

a  4  d  2 

h  5  e.  6 

c  1  f  3 

d  Saddle  valve 

i).  Filter  screen 

c  Guide 

d  Flow  washer 

e.  Diaphrdgm 

[.  Spring 

c).  Armature 

h.  Solenoid  coil 

\  Fill  valve 

Pcr^ornianre  skills  evaluated  to  tfio  satisfaction  of  the  instructor 
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FUNDAMENTALS  OF  WINDOW  AIR  CONDITIO.vlERS 

UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  match  terms  associated  with 
wmdow  air  conditioners  to  the  correct  defmitions  and  discuss  major  components  of  window 
air  conditioners.  The  student  should  also  be  able  to  match  wire  size  to  their  current  carrying, 
capacities  and  identify  window  air  conditioner  parts.  This  knowledge  will  be  evidenced 
through  demonstration  and  by  scorincj  eighty-five  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  associated  with  window  air  conditioners  to  the  correct! 
definitions. 

2.  List  the  five  functions  of  a  window  air  conditioner. 

3.  Identify  window  air  conditioner  cabinet  parts. 

4.  Identify  window  air  conditioner  parts. 

5.  Match  electrical  receptacle  design  to  the  volt-amp  requirements. 

6.  Match  wire  size  To  current  carrying  capacity. 


7 


Identify  parts  of  the  window. 


8 


List  seventeer;  steps  in  the  procedure  for  installing  a  window  air  conditioner. 


9 


Discuss  major  components  of  window  air  conditioners. 


10 


De'T^onstrate  the  abiluy  to  install  a  window  air  conditioner. 
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fundamentals  of  window  air  conditioning 

Unit  i 

suggested  activities 

Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

C.  Makn  transparencies. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 

G.  Obtain  several  different  brands  of  window  air  conditioners  ^or  shop  oractice. 

H.  Give  test. 
Student 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheet.  - 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 -Window  Air  Conditioner  Cabinet  Parts 

2.  TM  2-Wmdow  Air  Conditioner  Pa-ts 

3.  ,TM  3 -Window  Parts 

4.  TM  4  Major  Electrical  Components 

720 


D.  Job  Sheet  #1-lnstall  a  Window  Air  Conditioner 

E.  Test 

F.  Answers  to  test 
References: 

A.  Refrigeration,  Part  II.  Benton  Harbor,  Michigan:  Whirlpool  Corporatioo, 
1974. 

B.  Room  Air  Conditioner  .Installation,  STM-GS,  Dayton,  Ohio:  Air  Temp 
Divsion/Chrysler  Corporation. 
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FUNDAMENTALS  OF  WINDOW  AIR  CONDITIONERS 

UNIT  I 


INFORMATION  SHEET  * 

I.  Terms  and  definitions 

A.  Window  air  conditioner-A  refrigeration  device  which  is  placed  in  a  wiridow 
or  through. the  wall  to  control  temperature,  humidity,  cleanline^,  and 
movement  of  air  in  a  limited  space 

I 

B.  Slinger  ring-Metal  ring  on  the  outer  edge  of  the  condenser  fan  blai^os  which 
picks  up  the  condensate  and  sprays  it  across  the  condenser 

C.  Escutcheon--The  decorative  cover  panel  on  the  control  panel 

D.  Condensations-Liquid  which  occurs  when  a  gas  or  vapor  is  cooled  below 
its  dew  point 

E.  .   Sash-The  portion  of  a  double  hung  window  which  slides  up  and  down 

F.  Caulking  compound~A  heavy  paste  used  for  sealing,  a  joint  to  make  it  air 
or  watertight 

G.  Air  filter-Device  for  removing  impurities  from  the  air 

» 

II.  Functions  of  a  window  air  conditioner 

A.  Removes  sensible  heat  from  the  room  air 

B.  Lowers  the  humidity  by  removing  moisture  from  the  room  air 

C.  Ventilates  by  providing  means  to  introduce  outside  air  into  the  room 

D.  Filters  the  room  air  as  it  passes  through 
E»    Circulates  the  air  in  tne  room  ' 

II L    Window  air  conditioner  cabinet  parts  (Transparency  1) 

(NOTE:  There  may  be  some  slight  variations  to  these  parts  by  different 
manufacturers.) 

A.  Cabinet 

B.  Sash  angle  gasket 
,  C.    Sash  angle 

D.    Window  seal 
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INFORMATION  Sl^tEET 

E.  Sash  lock  bracket 

F.  Side  channel  window 

G.  Side  panel 

H.  Seal  bottom  of  side  panel 

I.  Side  channel  cabinet 
J.^  Cabinet  seal 

K.  Support  bracket 

L.  Sill  channel 

M.  Sill  s-al  ^ 

Window  air  conditioner  parts  (Transparency  2) 

A.  Compressor 

B.  Evaporator 

C.  Condenser 

D.  Blower  motor 

E.  Motor  mount  grommets 

F.  Condenser  fan 

G.  Evaporator  fan 

H.  Filter 

I.  Front  grille 
J,  Thermostat 

K.  Control  switch 

L.  Dual  capacitor 

'  M.  Compressor  mount 

N.  Control  panel 

0-  Control  panel  escutcheon 

P.  Power  supply  cord  • 
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Receptacle  design  and  volt-amp  requirements 
A.   ^  --115  volt;  15  amp 


B. 


-230  volt;  15  amp 


C. 


/\ 


-230/208  volt;  20  amp 


(NOTE:  This  receptacle  is  obsolete  and  is  being  replaced  by  the  receptacle 
under  "D".)  ^ 

--23D^8  vo(t;  20  amp 


-230/208  volt;  30  amp 


•230/208  volt;  30  amp  ^ 
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VI.  Wire  sizes  and  current  carrying  capacities 

(NOTE:  An  article  of  the  National  Electrical  Code  pertains  to  refrigeration 
,  equipment.  Refer  ^to  this  section  when  in  doubt  of  code  requirements.) 

A.  12  gauge*  wire  will  carry  20  amps  maximum 

0 

B.  10  gauge  wire  will  carry  30  amps  maximum 

C.  8  gauge  wire  will  carry  40  amps  maximum 

(NOTE:  The  above  amperage  ranges  will  cover  most  window  air  corvditioner 
applications.  Some  window  air  conditioners  may  draw  less  than  20  amps  of 
current  but  do  not  us?  any  supply  voltage  wiring  smaller  than  12  gauge.  If  running 
more  than  50  feet  of  conductor  check  for  voltage  drop.) 

VII.  Parts  of  a  window  (Transparency  3) 

(NOTE:  These  parts  are  for  the  common  double  hung  window.) 


A. 

Casing 

B. 

Frtime 

•c. 

Sash 

D. 

S'll 

E. 

Apron 

Vl!l.    Procedure  foi  installing  a  window  air  conditioner 


A. 

Attach 

side  Channels  to  wigdow  casing 

B. 

Attach 

side  channels  to  cabinet 

C. 

Attach 

Sid  channel  and  seal  to  window  sill 

D. 

Attach 

bash  angle  and  gasket  to  cabinet 

E. 

Center 

cabinet  in  window 

F. 

Attach 

cabinet  to  sill  channel 

G. 

Attach 

saf)port  bracket  to  cabinet 

73'. 
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INFORMATIOrr  SHEET 

H.    Cut  filler  panels  1/8  inch  smaller  than  space  (Figure  1) 

I 

(NOTE:  Underc^utting  the  panels  enables  them  to  slide  in  easier.) 


FIGURE  1 


Filler  Panel 


Air  Coniditioner 


Window  Casing 


I.     Slide  side  panel  into  channels 

(NOTE:  Before  the  side  panels  reach  the  window  sill  place  th^ottom 
seal  '  on  thetn.)  ' 

J.     Lower  sash 

K.    Install  sash  lock  brackets  (Figure  2) 


FIGURE  2 


Bracket 


Fasten  cabinet  sash  angle  to  sash 
M.    Place  window  seal  in  place 
^N.    Install  cabinet  seal 
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0.    Check  to  see  that  the  back  of  the  cabinet  tilts  slightly  downward 

(NOTE:  Never  have  the  back  of  the  air  conditioner  higher  than  the  front 
because  this  would  allow  the  condensate  to  run  into  the  house,) 

P.   *Caulk  around  outside  of  window 

Q,.    Install  front  grille 

Major  components  of  window  air  conditioners  (Transpiarency  4) 

A.  Compressor  ^ 

1,  PSC  (Permanent  split  capacitor) 

m 

2.  No  relay  and  start  capacitor 

B.  .  Hard  start  kit 

(NOTE:  The  addition  of  a  starting  relay  and  capacitor  to  a  P.SX.  compressor 
IS  referred  to  as  a  hard  start^  kit.) 

1.  Potential  relay 

2.  Start  capacitor 

C.  Fan  motor  Condenser^^d  evaporator 

1.  ^  Double  shaft 

2.  Two  or  three  speed 

D.  Dual  run  capacitor 

1.  Compressor 

2.  Fan 

E.  Thermostat 

1.  Line  voltage 

2.  Cvc'e  compressor  only 

F.  Control  switch 

1.  '    Ol|/off  switch  for  entire  system  f 

2.  ,Fan  speed  selection  switch^  ^ 


Window  Air  Conditioner 


\ 


Window  Air  Conditioner  Parts 


Blower  Motoi 


Condenser  Fan 


Condenser 


Compressor 


Dual  Capacitor 


Compressor  Mount 
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Control  Switch  Thermostat 


Motor  Mount  Grommets 


Evaporator  Fan 


Evaporator 


Filter 


Front  Grille 


Control  Panel 
Control  Panel  Escutcheon 


Power  Supply  Cord 


Window  Parts 


Casing 


Frame 


Sash  ■ 


Sill 


Apron 


> 

o 

30 
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Major  Electrical  Componenis 


Hani  Start  Kit 
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FUNDAMENTALS  OF  WINDOW  AIR  CONDITIONtriS 

UNIT  I 


JOB  SHEET  #^-INSTALL  A  WINDOW  AIR  CONDITIONER 

I.  .  Tools  and  materials 

A.  Standard  slot  .ype  screwdriver 

B.  Scatch  awl 

C.  Caulking  gun 

D.  Caulking  compound 

E.  Flexible  tape  measure 

F.  Hand  saw 

II.  Procedure 

A.  Carefully  uncrate  air  conditioner 

B.  Remove  shipping  bolts  and  brackets 

C.  SMde  air  conditioner  out  of  cabinet 

D.  Locate  window  in  which  air  conditioner  is  to  be  installed 

E.  Attach  side  channels  to  v;indow  casing 

F.  Attach  side  channels  to  cabinet 

G.  Attach  sill  channel  and  seal  to  window  sill 

H.  Attach  sash  angle  and  gasket  to  cabinet 

I.  Center  cabinet  in  window 

J.  Attach  cabinet  to  sill  channel 

K.  Attach  support  bracket  to  cabmet 


o 
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JOB  SHEET 


L.     Cut  TiiW'i  pcineis  1  '8  inch  smellier  than  space  (Figure  1) 

(NOTF    UnJorculiifK)  tfip  panels  enabL?s  them  to  slide  in  easier.) 


FIGURE  1 


Filler  Panel 


Air  ConcjitionC'r 


Winr  ow  Casing 


M     SliUe  sule  fianei  into  channels 

(MOTE  Before  ibc  stile  f\inels  reiich  the  window  sill  place  tlie  bottom 
sej!  on  theni  ) 

N      Lowrn  sas^ 

0.     Install  sash  lock  t)rackets  (Fiqure  2) 


F  iGURE  2 


Brack('t 


P  F.isi*  ■   t'^ibMit  t  s<i5h  .Hifjlf  to  sasfi 

Q  Pl.icp  \vinHo\-/  sf'ji  in  f)lfirr 

R  r>!ulo  ,)ir  r(UMl!tmnPi  \n\o  CdlJinot 

S  inst.ib  (Mh^rn't  sp.i! 
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JOB  SHEET  #1 

T.    Check  to  see  that  the  back  of  the  cabinet  tilts  slightly  downward 

(NOTE:  Never  have  the  back  of  the  air  conditioner  higher  than  the  front 
because  this  would  allow  the  condensate  to  run  into  the  house.) 

U.  Caulk  around  outside  of  window 

V.  Install  front  grille 

W.  Plug  in  air  conditioner 

X.  Turn  on  air  conditioner 

Y.  Check  operation 

Z.  Have  instructor  check 

.AA.  Clean  up  and  put  away  tools  and  nnaterials 

/ 
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FUNDAMENTALS  OF  WINDOW  AIR  CONDITIONERS 

UNIT  I 


NAME 


TEST 


Match  the  terms  on  the  right  to  their  correct  definitions. 

 a.  Liquid  which  occurs  when  a  gas  or  vapor        1 . 

is  cooled  below  its  dew  point 


_b.  Metal  ring  on  the  outer  edge  of  the 
condenser  fan  blades  which  picks  up  the 
condensate  and  sprays  it  across  the 
condenser 

_c.  The  decorative  covfer  panel  on  the 
control  panel 

_a.  A  refrigeration  device  which  is  placed  in 
a  window  or  through  the  wall  to  control 
temperature,  hunr.'dity,  cleanliness,  and 
movement  of  air  in  a  limited  space 

_e  Device  for  removing  impurities  from  the 
air 

_f.  The  portion  of  a  double  hung  window 
which  slides  up  and  down  ^ 

_g.  A  heavy  paste  used  for  sealing  a  joint 
to  make  it  air  or  watertight 


3. 

4. 
5. 

6. 
7. 


Slinger  ring 

Window  air 
conditioner 

Caulking 
Compound 

Escutcheon 

Condensation 

Air  filter 

Sash 


2. 


List  the  five  functions  of  a  window  air  conditioner. 


a. 
b. 
c. 
d. 
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Match  the  wire  size  on  the  right  to  the  correct  current  carrying  capacity. 

 a.  40  amps  1-       10  gauge 

 ^b.  20  amps  2.       12  gauge 

 ^c.  30  amps  -  '  3.       8  gauge 

Identify  parts  of  the  window. 


List  seventeen  steps  in  th<^  procedure  of  installing  a  window  air  conditioner. 

a. 

b. 

c. 

d. 

e. 

f. 

g- 
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I. 

j- 

k. 

I. 

m. 
n. 

0. 

p. 
q- 

9.  .  '    Discuss  major  components  of  window  air  conditioners. 

a.  Compressor 

1) 
2) 

b.  Hard  start  kit 

1) 
2) 

c.  Fan  motor 

1) 
2) 

d.  Dual  run  capacitor 

1) 
2) 

e.  Thermostat 

II 
2) 

f.  Control  switch 

1) 
2) 
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Demonstrate  the  ability  to  install  a  window  d*r  conditioner. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  it  should  be  completed*) 
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FUNDAMENTALS  OF  WINDOW  AIR  CONDITIONERS 

UNIT  I 


ANSWERS  TO  TEST 

1.  a.  5  e.  6 

b.  1  f.  7 

c.  4  g.  3 

d.  2 

o  c 

2.  a.  Removes  sensible  heat  from  the  room  air 

b.  Lowers  the  humidity  by  removing,  moisture  from  the  room  air 

c.  Vept'^ates  by  providing  means  to  introduce  outside  air  into  the  room 

d.  Filters  the  room  air  as^t  passes  through 

e.  Circulates  the  iiir  in  the  room 

3.  a.  Cabinet 

b.  Sash  angl3  gasket. 

c.  Sash  angle 

d.  Window  seal 

e.  Sash  lock  bracket  - 

f.  Side  channel  window  '  ; 
Side  panel 

h.  Seal  bottom  of  side  paop!      -  ^  '  , 

i.  r)ic]e  channel  cabinet 
j.  Cab  iet  seal 

k  Support  bracket 

1  Sill  channel  * 

HK  Sili  seal 
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4.       a.  Compressor 

b.  Evaporator 

c.  Condenser 

d.  Blower  mot  ' 

e.  Motor  mount  grommets 

f.  Condenser  fan 

g.  Evaporator  fan 

h.  Filter 

i.  Front  grille 
j.  Thermostat 

k.  Control  switch 

I.  Dual  capacitor 

m.  Compressor  njount 

n.  Control  panel 

o  Control  pjnel  escutche'"' 

p.  Power  supply  cord 

5.  cl  1  d.  4 

b.  2  e.  '  3 

c.  r       t.  3 

6.  3.  3 
h  2 

d.  1  ^ 

7.  a.  Casiruj 
.    I).  Franid 

c.  S?sH 

d.  Sill 

e.  Apron 
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8.       a      Attdcn  <-.i'Je  diannels  lo  window  casuuj 
b  *  A'tcjch  ^,a^  channels  "0  r^bin»r 
(       Attach  siM  CMdfVif/  jiui  S(';^l  to  \vifulovv  ^^U 

Attach  Sci^ii  jf^qle  tjpci  qas^et  to  r:i'>iner 
p      Center  cabinet  in  wi'icnv. 
f      Ana'^h  cabinpl  to  sill  c^'annel 

Attach  support  bracket  to  cabinet 
.         Cut  ^i"i^r  »:iant''s  1  8  inch  sna'ler  than  space 
1       Siiiie  S'cJe  panel  into  channels 
I.       Ij.iVMi  sash 
I-      instal,  Sdsr>  lock  brackets 
I       Fj'^^'^'n  cabinet  sash  aiKjIc  to  sash 

'-■St?-  Cc)::)iP?i  s^.al 

I'  ^ck  to  Sf'O  *!na*  the  t^^i'^i-  ni  t".  iinet  tiit^  ^nqhilv  .:^'v'/arf. 
'   /*h  fro^^t  ^if'iie 


^f-S  .or 

^?C  (^f^mdnf^nt  Sf)'?t  C 'PJCM  -i) 
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Dual  run  capKito'^ 

Th('rmostdt 

1)        Lihl  voltage 
2^       Cycle  compressor  or.ly 

Control  switch 

1i        OP'of^  svitc^^  for  entire  systein 
"  2)        Fan  s^^oeo  se'c:Ction  switch 

tormjnfM  '.;<i!l    pval'Kited  to  the  satisfaction  ot  the  instructor 
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WINDOW  A!R  CONDITIONER  REPAIR 
UNIT  II 


UNIT  OBJECTIVE 


After  completion  of  rhis  unit,  the  student  should  be  able  to  match  terms  to  the  correct 
definittons,  discuss  uata  plates,  identify  schematic  components,  and  match  window  air 
conditioner  [)roblerr»s  to  remedies  and  checks.  The  student  should  also  be  abl?  to  check 
components,  cleun  a  condenser,  replace -a  fan  motor  and  install  a  hard  start  k«t  This 
knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five  percent 
on  the  unit  test- 

SPECIFIC  OBJECTIVES 

/' 

After  -completion  of  this  unit,  the  student  should  be  able  to' 

1.  Match  terms  associated  with  window  air  conditioning  to  the  correct 
definitions. 

2.  L'St  the  nine  items- of  information  given  on  a  window  air  conditioner  data 
f)iate 

3.  Discuss  compressor  motor  data  plates. 
^1"       Identify  schematic  components 

5.  ''latch  window  aii  conditioner  problems  to  remedies  and  checks 

6.  Demonstrate  the  ability  to* 

a      Check  control  switch  w.th  an  ohmmeter. 

Clean  a  condensfc:^ 
f       Rnpidce  a~fan  motor  ^ 
rj      Install  a  hard  start  kit 


4 
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WINDOW  AIR  CONDITIONER  REPAIR 
UNIT  II 


SUGGESTED  ACTIVITIES 

I.  Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

A 

C.  Make  transparency. 

D.  Discuss  unit  and  specific  objectives. 

E.  Discuss  information  sheet. 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Give  test. 

II.  Student: 

A.  Read  objective  sheet. 

B.  Study  information  sheet. 

C.  Complete  job  sheets. 

D.  Take  test. 

INSTRUCTIONAL  MATERIALS 

I.    Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  master:'  TM  1  -Window  Air  Conditioner  Schematic 

fp      D.    Job  sheets 

1.  Job  Sheet  #1--Chqck  Control  Switch  vyith  an  Ohmmeter 

2.  Job  Slieet  #2-  Clean  a  Condenser 
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3.  Job  Sheet  #3--Replace  a  Fan  Motor 

4.  Job  Sheet  #4--lnstall  a  Hard  St^t  Kit 

E.  Test 

F.  Answers  to  test 
II.  References: 

A.  Room  Air  Conditioner  In-Shop  Service,  STM74.  Dayton,  Ohio:  Air  Temp 
Division/Chrysler  Corp. 

B.  Refngeration,  Part  II.  Benton  Harbor,  Michigan:  Whirlpool  Corp.,  1974. 
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WINDOW  AIR  CONDITIONER  REPAIR 
UNIT  II 


INFORMATION  SHEET 


I.  Terms  and  definitions 

A.  E.E.R.  (Energy  Efficiency  Ratio)--Ratio  calculated  by  dividing  the  cooling 
capacity  in  Btu/h  by  the  power  input  in.  watts  at  any  given  set  of  rating 
conditions,  expressed  in  Btu/h  per  watt 

B.  N.E.M.A.  (National  Electrical  Manufacturers  Association )--Sets  voluntary 
standards  for  motors  and  appliances 

C.  U.L  (Underwriter's  Laboratoriejl-Tests  air  conditioners  to  see  that  they 
meet  the  electrical  safety  requirements  of  the  American  National  Standard 
for  air  conditioners 

D.  A.H.A,M.  (Association  of  Home  Appliance  Manufacturers)--Certifies  the 
heating  and  cooling  capacity  ratings  and  electrical  inputs  of  all  air 

.  conditioners  bearing  their  seal  'X 

\ 

II.  Window  air  conditioner  data  plate 
A.    Model  ngn>ber^  * 

8.    Serial  number 

C.     Refrigerant  type  and  amount 

D;    F.L.A.  (full  load  amperage)  ^' 

E.  L.R.A.  (locked  rotor  an.nerage) 

F.  Wattage 

G.  E.E.R. 

H.  N.E.M.A.  and/or  UX.  aporoval 

I.  Btu/h  capacity  -  ^ 

111.    Compressor  motor  data  plates  ,  ,  ' 

(NOTE:  Thv,'  information  provided  on  a  compressor  motor  data  plate  will  be 
needed  in  ordering  a  replacemc?nt  compressor  'motor.) 

A.    Location  o1  data  plate 

^  0 

1.-      Topi-Df  compressor  motor 
'2.       Side  of  compressor  mnor 
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INFORMATION  SHEET  ,    •  - 

B.     Information  on  data  plate  i 

1.  Compressor  nnotor  model  number 

2.  Compressor  motor  serial  number 

3.  L.R  A.  (locked  rotor  amperage) 
4        F.L.A.  (full  load  amperage). 

* 

(N£)TE:  Not  ali  manufacturers  include  this  information  on  their 
data  plates.) 

.  5.       Voltage     '  ^  / 

6.  Phase  ^  ^  , 

< 

7.  Cycle  (hertz)  -  .     .  ,  . 

8.  Horsepower 

9.  Letter  codes 

a.  Motor  manufacturer 

b.  Month  and  year  of  manufacture 

c.  Shin  ^     *  .  •  ' 

d.  Plant 

(NOTE.    The  information  pertains  only  to  the  compressor  motor  and  the  ' 
*  compressor  motor  manufacturer  vyhich  is  generally  dlTferent  than  the 
equipment  manufacturer.) 

iV.    Schematic  components  (Transparency  1)  ^  ^ 

A*    Control  switch  - 

B.     Fan  motor  ^  .  •  , 

C     Fan  motor  run  capacitor'  .  '  ^ 

D.  Compressor  motor  run  capacitor 

(NOTE'  These  two  capacitors  are  often  encased  ip'one  container  and  are  ^ 
referred  to  as  a  dual  cap'acitor.)  >  '  '  • 

E.  Thermostat 

F.  Bimetal  bverload 
♦    G     Compressor  motor     PSC.  ' 
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INFORMATION  SHEET 
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V.    Window  air  conditioner^*  problems,  remedies,  and  checks 

A.  Air  conditioner  will  not  run 

1.  Check  voltage  at  receptacle 

2.  Replace  fuse  or  reset  circuit  breaker 

3.  ChBck  voltage  at  control  switch  '  ' 

B.  Fan  motor  runs,  but  compressor  motor  won't  ' 

1.  „    Check  thermostat.  '  ■ 

2.  .  Check  compressor  motor  vyiring    ^       .*  ^  , 
.3.       Check  run -capaCito^  t.  * 

'4.       Chqck  overload 

5.       .Check  for  low  voltage  at  compi'essor  motor  terminals  * 

.  6.       Check  start  capacitor 

V      '   7.       Check  potentiaLrelay 

(jNlOTE:  The  start  capa  tor  anjl  potential  relay  will  only  exist  if  they  have 
b.een  added  'for  hard  starting  problems.) 


.V 


C.     Air  conditionei  9ircuit  protection  device  opens 
1,       Check  wiring 


2. 


\  5. 


Cneck  for  shorted  capacitors.  ^ 

Check  for  stuck  or  grounded  compressor** 
*#  » 

Check  thermostat  for  short  cycling 
Check  compressor  rnotor  starting  ability 

(NOTE:Jf  the  nompressor  motor  appears  .hai  "  to  start  a  hard 
start  kit  may"  njed  to-be  added  to  the  system.)  ' 


/ 


s  6. 
7. 


Check  startling  dnd^ru.ining  amperage 
Check  size  of  circuit  protection  device- 
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INFORMATION  SHEET 


ri 

Comp''eisor  motor  sfiort  Ancles 
1        Chock  i'H  low  voltage 

2.  O^eck  .or  sufficient  air^  flow  across  condenser 

3.  Clean^  x:ontlG^iser 

4    "    ChecK  locatfon  of  thermostat  sensing  element 
'  5.       Check  amperag^e  dravy  and  overload 
Air  cijnditioner  vibrates  'vrr  rattles 

1.  Check  for  sh:pf>mg  bolts  and  blocks 

/        Check  for  refrigerant  lines  against  the  cabinet 

3.  Clieck  for  loose  panels  or  components  ^ 

4.  Check  fan"  m^o^^ alignment 

5.  Check  'jr  foose  fan  tildes  or  hubs 
Water  -leaks  from  air  conditioner 

1        Ti''  back  of  eabmet  downward 

/ 

2.  CieciP  coadensate  drain  *  / 
;3  '       Check  for  leaking  m  evaporator  drip  pan 

4.       Check  for  ice  on  evaporator 
Noisy  f<v^ 

1.  .Check  for  fan  hitting  shroud  ^ 
?.       Tighten  .fan  hub  on  shaft 

3.  ^     Ciieck  fan  blades 

4!       Check  far^  mounting 
Air  conditioner  is  not  coohng  properly 
1        Ci?an  air  filter 

2.  Cose  outside  air  intake 

\        Chock  for  blocked  condenser 

■  7S'; 
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INFORMATION  SHEET 


5.  .   Check  to  see  that  the  conrgjressor  motor  is  running 

6.  Check  refrigerant  charge^  and  pressures 


I.     Ice  on  evaporator 

1.  Clean  air  filter 

2.  Check  fan  motor  operation 

3.  Check  refrigerant  pressures 
/if                                   4.       Clean  evaporator 

5.       Check  thermostat  setting 
J.     Compressor  motor  runs  but  fan  won't 

1.  Check  fan  blade  for  binding 

2.  Check  wiring 

3.  Check  selector  switch 

4.  Chec'k  run  capacitor 

5.  Check  fan  motor 
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Window  Air  Conditioner  Schematic 


Neutral 

■220  Vac  ?rJtr~ 


Fan  Motor 


Fan  Motor  Run  Capacitor 


J  Control"  Switch 


Thermostat 


Bimetal 
Overload 


Compressor  Motor  "psc 

Compresssor ' 
Motor 


Run  Capacitor 
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WINDOW  AIR  CONDITIONER  REPAIR 
.  UNIT  II 


JOB  SHEET  #1"CKECK  CONTROL  SWITCH  WITH  AN  OHMMETER 

I.  Tools  and  materials 

A.  Control  switch 

B.  Ohmmeter  -  '  ' 

C.  Window  air  conditioner 
d.  Screwdriver 

t.     Long  nose  pliers 
F.     Malkifig  'tape 

II.  Procedure 

  f*- 

(CAUTION:  Never  check  a  component  with  an  ohmmeter  when  power  is 
applied.) 

A.    Mark  control  switch  wires  with  masking  tape 

*  (NOTE:  It  is  not  recommended  to  use  duct  tape  ^or  this  purpose  as  pencil 

or  pen  markings  will  easily  rub  off  of  duct  tape.) 

^B.     Remove  wir6s  from  switch 

C.  Remove  switch  from  air  conditioner 

D.  Place  ohrnmeter  in  the  R  x.  1  position 

E.  Zero  ohmmeter 

F.  Attach  one  ^ohmmeter  lead  to  L^ 
Place  switch  in  the  "off"  position 

H.  Touch  the  other  ohmmeter  lead  to  terminals  (1,  2,  3,  and  4)  one  at  a 
time 

I.  Watch  meter  when  touching  each  terminal 

(NOTE:  If  the  needle  moves  when  touching  any  of  the  terminals  the 
ccmtaSts  are  shorted  and  the  switch  must  be  discarded.) 

J.     Select  the  high  fan  position  on  the  control  s\oatch 
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JOB  SHEET  -1 

♦ 

K.    Touch  unattached  lend  to  terminals  1,  3f*  3,  and  4 

(NOTE   Coniinuitv  must  only  be  indK:ated  between  L-|  and  -4  ) 
L.     Select  the  low  fan  position  on  the  control  switch 
IVf    Toucii  unattaclied  lead  to  termmals  1,  2,  3:  and  4 

-  (NOTE    Continuity  n'ust  only  be  indicated  between  Li  and  -3.) 
N     Select  the  high  cool  [)OSition  on  the  control  switch 
O;    Touch  the.  unattached  lead  ^to  terminals  1,  2,  3,  and  4 

.(NOTE    Continuity  must  only  be  indicated  between  Li  and  ^2  and  Li 

.md  ^Mj 

P,     Sele(.t  tlie  normal  cool  position  on  the  control  switch 
O     Touch  tlie  unattached  lead  tj  terminals  1,  2,  3,  and  4 

(AlOTE  ,  Continuity  must  only  be  indicated  betweer^  Li  and  ^4  and  Li 
ancr-T!' 

R     S'-^lect  ^Ui:  low  cool  position  on  the  control  switch 

S      Touch  the  unattached  lead  to  terminals  1,  2.  3,  and  4 

(fxiOTF  Continuity  must  only  be  indicated  between  Li  and  -^3  and  Li 
and 

T      ReiMStaM  rontro!  switch  in  air  conditioner 

jMGTE  If  tfio  switch  was  found  to  be  defective  in  any  of  th.e  checks  a[)ove 
It  should  1)0  replaced,)  / 

,U  Conofjvt  wires  to  switch 

V  Have  instructor  cu?rV 

VV,  Connect  an  conditioner  to  electrical  power 

X,  Stan  air  conditKjier  aru)  check  various  switch  positions 

Y  Stop  air  conditioner 

Z.  DisroiMiccl  air  conditioner  fron-;  electrical  power 

AA  (  'o,H?  up  ai'd  put  away  l(X)ls  and  materials 
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WINDOW  AIR  CONDITIONER  REPAIR 
UNIT  II 


JOB  SHEET  #2--CLEAN  A  CONDENSER  — 

\.    Tools  and  materials 

A.    Window  air  conditioner 

.  B.     PloStic  bag  * 

C.  Degreasing  solvent 

D.  Water  hose  » 

E.  Spray  nozzle 
II.  Procedure 

A.  Remove  air  conditioner  from  cabinet 

(CAUTION:  Always  have  help  when  lifting  heavy  awkward  objects.) 

B.  Set  air  conditioner  close  to  a  floor  drain  or  cutside 

C.  Wrap  fan  motor  with  a  plastic  bag  ' 

(NOTE:  If  water  enters  the  fan  motor  it  will  be  ruined.) 

D.  Remove  screws  which  hold  condenser  to  fan  shroud 

E.  Carefully  swing  condenser  out  (Figure  1) 


FIGURE  1 


(CAUTION:  Do  not  swing  the  condenser  out  far  enough  to  kink  or  break 
ref-'igerant  lines  )  *  *  ,  ^ 


F.  Spray  degreasing  solvent  on  condenser  , 

G.  Allow  solvent  time  to  work 
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JOB  SHEET  #2 


H.  Attach  water  hose  to  hydrant 

(NOTE  If  Lining  hot  water  be  sure  the  hose  is  designed  for  use  with  hot 
water.) 

I.  .  Attach  spray  nozzle  to  water  hose 

J.     Spray  condenser  with  water  (Figure  2) '  ' 


FIGURE  2 


K  Tilt  air  conditioner  sideways  so  water  will  run  out 

L.  Remove  plastic  bag  from  fan  motor 

M  Dry  all  electrical  comjionents  with  a  "shop  towel 

N.  Carefully  move  condenser  back  into  proper  position 

0  Replace  screws  which  bold  the  condenser  to  the  shroud 

P.  Have  insiructor  check 

Q.  Replace  air  conditioner  in  cabinet 

R  fclean  up  and  put  away  tools  and  materials 
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WINDOW  AIR  CCNDITIONER  REPAIR 
UNIT  II 

JOB  SHEET  #3--REPLACE  A  FAN  MOTOR 

Tools  and  materials 

A.  '   Standard  slot  type  screwdriver 

f 

B.  Phillips  screwdriver 

C.  Nutdriver  1/4" 

D.  Open  end  wrenches 

E.  Long  nose  pliers 

F.  Hex  key  wrenches 

G.  Ammeter 
Proceduj^e 

A.  Remove  air  condifoner  from  cabinet 

B.  Loosen  set  screw  in  evaporator  fan  hub  (Figure  1) 


FIGURE  1 


C.  '   Remove  motor  wires  from  control  switch 

D.  Remove  screws  which  hold  condenser  to  fan  shroud 
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JOB  SHEET  #3 


E.     Carefully  swmg  condenser  out  a  slight  amount  (Figure  2) 


FIGURE  2 


F.  Remove  set  screw  from  condenser  fan  hub 

G  Slide  condenser  fan  off  of  motor  shaft 

H  Remove  bolts  tliat  hold  the  fan  motor  cradle  to  the  air  conditioner 

\.  R(M7iove  motor  and  cradle  ^  - 

J  Check  direction  of  rotation 

K  Chock  for  proffer  shaft  length 

(MOTE  A  sliafr  which  is  too  long  ma\  be  cut  off  with  a  hacksaw  but, 
be  sure  the  dircct.on  of  rotation  is  correct  before  cutting  off  the  shaft.) 

L.  Re.nove  motor  from  cradle 

M  Place  new  motor  m  cradle 

N  Ahfjn  motor  shaft  with  evaporator  blower  hub  .  , 

0.  Replace  fan  motor  cradle  bolts 

P.  Luf)ricate  motor  shaft 

Q  Slide  condenser  fan  on  Ghaft 

R.  Check  to  be  sure  that  fans  do  not  hit  the  shrouds 

S  Tighten  fan  set  screws 

(NOTE-  Care  should  be  taken  to  be  sure  that  the  set  screw  is  against  the 
flat  f)art  of  tlie  shaft.) 

T.     Reinstall  condenser  into  position 
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Replace  screws  which  no  Id  the  condenser  to  the  shroud 
V.    Place  wires- on  control  switch 

W.,  Turn  fan  by  hand  to  be  sure  the  condenser  fan  is  not^  hitting 
X.    Have  instructor  check*  ^ 

V.    Replace  air  conditioner  in  cabinet 

•  -  / 

Z.    CheckMan  motor  operation  and^amperage* 
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WINDOW  AIR  CONDITIONER  REPAIR- 
,v  UNIT  li 

JOB  SHEET  #4-INSTALL  A  HARD  STAFT  KIT 
Tools  and  materials 

4, 

•   A.    Window  air  conditioner 

B.  Start  capacitor  with  bleed  resistor 

C.  -^  Poteotial  relay  %      '  ^ 

D.  Standard  slot  type  screwdriver 

E.  Phillips  screwdriver 

F.  14  gauge  stranj^ed  wire 

G.  Wire  connectors  '  ' 

H.  Side  cutters' 

I.  Crimping  tool 
J.  Ammeter 
K„  Ohmmeter 

II.  Procedure 
V  A.    F^emove  air  conditioner  from  cabinet 

B.  Install  relay  and  start  capacitor  in  control  compartment 

C.  Study  wiring  diagrams  (Figires  1  and  2) 
FIGURE  1   

The  .Ticjtft 


^Cpmf.   ■ 

Overload/" 


*As  Rcq'd 
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JOB  SI;IEET  #4 


D.  ♦Connect  a  wire  from  #1  on  relay  to  one  side  of  start  capacitor 


E.  Connect  other  side  of  start  capacilbr  to  Jine  voltage  terminaJ  of  run  capacitor 
or  run  terminal 

F.  Connect  a  wire  from  #2  on  relay  to  start  on  compressor  motdr . 

G.  Connect  a  wire  from  ^#5  on^  relay  to  common  on  compressor  motor 

H.  Have  instructor  ,checft 

I.  Connect  air  conditioner  to  electrical,  pow^r  * 
J.     Place  ammeter  in  highest  scale 

K.    Connect  ammeter  aroupd  the  start  wire 
L     Turn  on  air  conditioner 

(NOTE:  Starting  amperage  should  only  last  a  few  seconds.) 
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M.  eheck  running  amperage 

N.  Have  instructor  check 

0.  Stop  air  conditioner 

P.  Disconnect  air  conditioner  from  electrical  power 

Q.  Install  air  conditioner  in  cabinet 

R.  Clean  up  and  put  cway  tools  and  materials 
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WINDOW  A*R  CONDITIONER  REPAIR 
UNIT  II 


NAME 


TEST 


1.       Match  the  terms  on  the  right  to     e  correct  definitions. 


a.  Tests  air  conditioners  to  see  that  they 
meet  the  electrical  safety  requirements 
of  the  American  National  Standard  for 
air  conditioners 


b.  Ratio  calculated  by  dividing  the  cooling 
capacity  in  Btu/h  by  the  power  input  in 
watts  at  any  given*  set  of  rating 
conditions,  expressed  in  BtQ/h  per  watt 

c.  Certifies  -  the  heating  and  cooling 
capacity  ratings  and  electrical  inputs  of 


2. 
3. 


al 


air  conditioners  bearing  their  seal 


4. 


d-  Sets  voluntary  standards  for  motors  and 
appliances 


N.E.M.A. 

(National 

Electrical 

Manufacturer's 

Association) 

U.l!  (Underwriter's 
Laboratories) 

A.H.A.M. 
(Association  of 
Home  Appliance 
Manufacturers) 

E.E.R.  (Energy 
Efficiency  Ratio) 


2.       List  the  nme  items  of  information  given  on  a  window  air  conditioner  data  plate. 


a. 
b. 
c. 
d. 
e. 
f. 
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3.       Discuss  compressor  motor  data  plates. 


4.       Identify  schematic  compv  .ents. 

Neutral 


-220  Vac- 


± 


Med. 


\ 


T 


d.. 
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Match  the  window  air  conditioner  problem  on  the  left  to  the  remedies  and  checks 
on  the  right. 


a.  1)  Check  wiring 

2)  Check  for  t»horted  capacitors 

3)  Check   for   stuck   or  grounded 
compressor 

4)  Check  thermostat  for  short  cycling 

5)  Check  compressor  motor  starting 
ability 

6)  Check     starting     and  running 
amperage 

7)  Check  size  of  circuit  protectiori 
device  ^ 

b.  1)  Clean  air  filter 

2)  Close  outside  air  intake 
^    3  Check  for  blocked  condenser 
4  Clean  condenser 

5)  Check  to  see  that  the  compressi3r 
motor  is  running 

6)  Check,   refrigerant    charge,  and 
pressures 

^c.     1)  Clean  air  filter 

2)  Check  fan  motor  operation 

3)  Check  refrigerant  pressures 

4)  Clean  evaporator 

5)  Check  thermostat  setting 

d.  1)  Check  thermostat 

2}  Check  compressor  motor  Wrring 

3)  Check  run  capacitor 

4)  Check  overload 

5)  Check-    for     low^    voltage  at 
compressor  motor  terminals, 

6)  Check  start  capacitor 

7)  Check  potential  relay 

e.  1)  Tilt  back  of  cabinet  downward 

2)  Clean  condensate  drain 

3)  Check  for  leaking  in  evaporator 
drip  pan 

4)  Cliodk  for  ice  on  evaporator 


1 .  Compressor 
motor  short 
cycles 

2.  Water  leaks  from 
air  conditioner 

3.  '  Air  conditioner 

will  not  run 

4.  conditioner 
circuit  protection 
device  opens 

5.  Air  conditioner 
is  not  cooling 
properly 

6.  Air  conditioner 
vibrates  or  rattles 

7.  Ice  on  evaporator 

8.  Fan  motor  runs, 
but  compressor 
motor  won 4  - 

9.  Noisy  fan  , 

10.       Compressor  motor 
runs  but  fan  won't 


f.  1)  Check  voltage  at  receptacle 

2)  Replace  fuse  or  reset  circuit  breaker 

3)  Check  voltage  at  control  switch 

g.  1)  Check  fan  blade  for  binding 

2)  Check  wiring 

3)  Check  selector  switch 

4)  _Check  run  capacitor 

5)  Check  fan  motor 
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 h.     1)  Check  for  low  voltage 

2)  Check  for  sufficient  air  flow  across 
condenser 

3)  Clean  condenser 

4)  Check    location    of    thermostat  ^ 
^nsing  element 

5)  Check  amperage  draw  and  overload 

 i.     1 )  Check  for  shipping  b^fts  and  blocks 

2)  Check  for  refrigerant  lines  against 
the  cabinet 

3)  Check     for     loose    panels  or 
components 

4)  Check  fan  n;otor  alignment 

5)  Check  for  loose  fan  blades  or  hubs 

  j.     1)  Check  for  fan  hitting  shroud 

2)  Tighten  fan  hub  dn  shaft 

3)  Check  fan  blades 

4)  Check  fan  mounting 

6.       Demonstrate  the  ability  to: 

a.  Check  control  switch  with  an  ohmmeter. 

b.  Clean  a  condenser. 

c.  Replace  a  fan  motor. 

d.  Install  a  hard  start  kit. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instnjCtor  when  they  should  be  completed.) 
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WINDOW  AIR  CONDITIONER  REPAIR 
UNIT  II 


ANSWERS  TO  TEST 


a. 
b. 
c. 
d. 


2 
4 
3 
1 


a.  Model  fH/mber 

b.  Serial  number 

c.  Refrigerant  type  and  amount 

d.  F.L-A.  (full  load  amperage) 

e.  L.R.A.  (locked  rotor  amperage) 

f.  Wattage  '  ^ 

g.  E.E.R. 

h.  N.E.M.A.  and/or  U.L  approval 

i.  Btu/h  capacity 
Oiscussiun  should  mclude: 

a.  Location  of  data  plate 

1)  Top    f  compresSQf  motor 

2)  Side  of  compressor  motor 

b.  Information  on  data  plate 

1}       Compressor  motor  model  number 

2)  Compressor^  xnotor  serial  number 

3)  L.R.A.  (locked  rotor  amperage) 

4)  F.L.A.  (full  load  amperage) 

o 

5)  Voltage 
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6)  Phase 

7)  Cycle  (hertz) 

8)  Horsepower 

9)  Lette-  cod^ 

a)  Motor  manufactnrer 

b)  Month  and  year  of  manufacture 

c)  Sliift  '     ^  : 

d)  Plant 

4,,.     a.    'Control  switch     '  "  C'  ^/-^ 

b.  Fan  nrtotor 

c.  Fan  nrtotor  run  capacitor 

d      Compressor  n:otor  run  cap'ac^tor 
'  e.  Tiiernnostat 

f.  Bimetal  overload 

g.  Compressor  motor  -  P5.C. 

5.  a.     4  f.  3 

b.  5  g.     10  c 

c.  7  h.  1 
-d.    8  '  6 

e.     2      ^  )■  9 

6.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


